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BT O FICEFR LE Lz, AW TiEIE, X# CTR #ifL(X—ray crystal truncation rod scattering)i% <9, CTR #%
ELEXFOL4OBY | FEMOBTHENRLTEBENDZ L TEL L2y MIROBELTY, MHTICE > T, K Eo
JRAOCE, B (E 73R RIER O &, HERREO/BRTHINRIA—Z 2B 52 LR TE, RICREREBSE T
PRS2 TR D DI LN TE E Lic, (I, ERT —¥ 2 FH T &€ 7 L2 RIT8REMIC o 13
EXRHVWbLNTEE L, LanL, Z ODtiJE/Z’%H%&Uﬁﬁ%L ZHMAS D OITREETY, NG IR E R D
(BT 2R, EIALED S OFFIG b ERREF I > T—HETIE R, AL ZIEMICMDITIE, HEERW
REICEHEENDIRTORF, SR D&, %H%-Fﬁﬁ@r?%%%o“ﬁﬂﬁ”@ﬂ’* LN T A —Z B RE L TER
SRV TT, SEOEENRT A —F & TER/N_FIETRIBEO/MEICHE & LIATLOIEE LW L, FEIC ke
MR A (intermixing) 23 2 A T N E BTSRRI ET 2 OIEREECT, = 9 L= sobir4, CTR #ElT —
A7 b E RN IR i 1 2 R < TEDS B SN CVWET,

IOLTERDOS &, FMUIMRETRIE L TEodhn 7T 7 4 OFFUIESW IR G OFAE 2 FintEE s i
L. ELICERHOMMHEEELZMAGDE D2 LT, ERT—ZN6ET VT ) —ICRHIRFGE BET 5 HIEICEY M
HE LTz, ZOFEE, EFIREMI e Si R Eo BUBHERICEHE L7 L 2 A, Rmn bEEER ST TOETH
BESARDE RN LE Lz, ZHUC &0 i —FFEREOREHRNEN H Y . Bl MBI Si & O AIEH
NHEVEEES N T, 12& A LA L (free-standing)RHEIZH 5 Z £ B S22 0 F L7 [3], Bi lLIEREMEWE T3 23,
KA TIX Rashba IRICE - TEF AL HHET PN TEY . EFHPRESA RS & ORI ER ST
WE LTz, HIEMRIT Tl O R o o EE R ORaEiE 45 2 5 & EE THEIh QW izRil & RiE OB IREBOT
W, BT HARENRAE U SHR L VERZ FEESHAT L énTEELE,

WIT, ZOFHEER SR P HAERIEOREWE Th 5D BiaTes lICHA LE Lic, MAw b UKL, v 21k
MR CTAEREZ DL D 2 L TURIIC A B LR L2 REEHRENRENALIH LWEFHTT, MRa b ERs
R DOFERIEA A —2 > 73R THD T T L, ZhUc kv, Bi L RIS R EISIENEEE L, MBS H SLRE
WD ZENWLNITRYE L, BAUICEVREEEHAFHL T, MR P REEFRENEET 2842 A
REBIT DI ENTEE LT, Fo, REEFORER O EOMNM DR EMEICET O MAEL/2 b TEE
L7z, —J., BieTes EIZ Bi KA MR I E D LT EZF T ¥ UEFEATL > T, ARITFEOEERETHD B bR
0 YA NVEEBIHEEE TS 2 ENRBEINTWE L, 22 EATE Bl IROWNHEARZTARD &, B IR B
TRINIZ MR UANVHEBEENEZ LD vy ) & —FLE LT,

PAb, F&FVDENGEICR > TLEWER, 5%I1%, %FICREE LicRm i X SEELONIFEIC g 2 W 72T e 4

WD EBNET, A A =2 T OWFRITINZ, il TR, Z ZEENT TR LT & 2R X R E s e %
NFEZREOIRD . BRI O S FEE &%%@%ﬁ%#éﬁ%%#wfwiﬁ SR OB & € OHBIEE L2
V) BRI A A B CIERICH D720, TR DDANARMERICEAT 200K LATY, SRIOZE & A
ZAE B —BOEN T THE WV EBNET,

[1] “Epitaxial Silicon Oxynitride Layer on a 6H-SiC(0001) Surface”
T. Shirasawa, K. Hayashi, S. Mizuno, S. Tanaka, K. Nakatsuji, F. Komori, and H. Tochihara, Physical Review
Letters 98, 136105 (2007).

[2] “Atomic-layer—resolved bandgap structure of an ultrathin oxynitride—silicon film epitaxially grown on 6 H—SiC(0001)”
T. Shirasawa et al., Phys. Rev. B 79, 241301(R) (2009).

[3] “Interface of a Bi(001) film on Si(111)-7%x7 imaged by surface x—ray diffraction”
T. Shirasawa, M. Ohyama, W. Voegeli, and T. Takahashi, Physical Review B 84, 075411 (2011).

[4] “Structure of a Bi/BizTes heteroepitaxial film studied by x—ray crystal truncation rod scattering”

T. Shirasawa, J. Tsunoda, T. Hirahara, and T. Takahashi, Physical Review B 87, 075449 (2013).
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F ) A —)VITERESEERM - KeprsEsE B HEE

ZORE, %8 18(2014 4F) A AW FTAEENE L 55 11 1] (K 25 421%) ISSP AR E 2 % B S CIHE £ L7
SEBEMRIELLE S BRMA Y R — 2R & A ARFIEMEOMIE] T, KEHFEEBE L LTETE%D Ttk
2L D ICHEPETEWZEY . FUIRBHIEETHID CAY Y ha=7 ZfRicby £ Lk, BEiET L, Fh
ETEHAEY = ADZ LIFIFEA LMY FHATLE, £OVoBRTH, [MbHbARN>TRUTNANAH X
TTEoRARALAEEBD, MRCH NI L THWEZRAEDOES A, IREOE S A, £72ERP%EEZ SETHEWEZ
Albert Fert 5642, W PRI S S P OB G S EIC Z 082 B0 LT, B TERHHP L EF7=un & BonEd,

RN KRB EICET L TETIOMATL Z &%, 6% HWIZSNEMER &2 R — VR ORIE & & O B 72 30
TLl7z, EFOEMEALCAEHED 2 DOOBRELZIVHE S A b =7 AR TIE, EMORNLEEDRNA Y
CHBEHEOZ O AR 2 DX DITER, sk, MET PP EERLEED 1 2L R>THEY, £OHFT

HAEUHOAERE RN OBEIZEZ D00, AR =R LT

(@) NABLTT, ACUR—AMELIE K 1@IRT Lo, 2 el
Je — JEAH AR OO IEREHERIZER Jo T & VB E AV DR EICHE
-2 —+ LT HHENCAE A Js WERSNZBED T L2 EVET, E-K
sa\ “}\ ~§\ / -~ 1O RT L DT, WA Js ZIERMERICIE T & &It Jo 3ELT
570, ZOFHEEHOVITAE Uiz ERGE T E LTHRHETEET,

(b) INETOAEY b= AIETIE, ZOAEUFDAERK - i
sl 4 ek, EOMOECBTHD HE Pt DAL R—AZRICHEH-TE F
-2 == Lz, L L, f3ROAE Y hn=s 2R TFOREEEZD L, TXS
e \+—\+_/'- PO ESBERIT-FB LN & (DT E SIS TR 7 oY

7 M TLT7T—=RARVL T AEZNVERNRONERMEEFRT ), 72 Pt
1 @) X E o oh VRS () R E TIEA B U IRBROEBNF(Jo/Js) TH DAL VR — AR LT TE e
— AN, WEWS ZEHHY, HOWE - B TALY U R—ARIREREIED
TENHEENTOWE L, EBIZohEiIRomMEE LT, AV |
0= AR TR BEERYIHETH LA U AR—AAR, JRSHIRINTND Pt TT S, SRR E NS
TERBVE L, 20X REROFT, RIIARAER E LR VR L ZOERNZRFHEOMEEITOE L,
ZHZ b8 CulFAE Y hr =7 AR TIE, A VHUEHEEHOBWEORER T, AL UiEE £ TRk
HREBEL LTHVWLNAZ ENEL ., FEAEUF—ASRE RIS, Pt EOERE LTESAVLRET,
I CHERICHBREONOIX, AR AR E RS Cu i, AV VHEM AR OB A IRNT 5 &, A
VIR AR ERBL, LML RMOBECTINEEZEZ DL, TOREIEZERTED LWV HTYT, FFE-L)
PRBFSEAY 30 4ELL ERTCATOIL TV T[L], FREITS 72D 2007 A E KBS RO R T ) — Ve %
B Iz Fert eAET L7z, HIFE, AR — AR LE W IMER R0 o 7o (EfEICS 21X, 1971 4712 Dyakonov—
Perel IZ X » TSN TWE L7[2]. YFETIFEALER SRETATLR) . CullA U RBEREZIED HI 7=
D~ H Mn % R—7 L, &HIZAEVHUEMEEROROIERMEARS B ZIRA L 3 tAe8E HVWT, BEA—1%)
RBBUI S, ZINDR—AAZRDD EVIWIRET LI, AIEOHIT, TnZZaRIEwMEAR Cu 54 T1T5 =
ETL,
EPTHIO, FERMERTHMB E LTA Y P A Tr ZIRA LT Culr RCEREZITWE Lz, ZORE, IriREE2EPL
TV EAE VA= ARROEENERT D Z L 2HEETE L L8], MEIX, ZI2hb DXL T, A UFiER
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BWNETHHAC A=V A%E TERN ICEHTNT, 2000 FERLTHEZAB, —FEHL, —FLHN
WDOHSTEZARDTTN, ZOHBERHLTND L 3=V TIHKDLLARLR>TLEIDOT, RFETITHEIZEIH
THEX %Y, REOICIE3REAE U EEET L EHANT Culr 88D A U A— I AERIE LI E 25 2.3%E 720 [4],
D CuMnlr &4 % AW RER—VDIRNOEHINIAE 2.6%[1 E TEMIZ T I ENGMNY E L, E5IC
IO EE, AEBRCTHWEEY N7 v TAE VR — VAR ELL BN TE L Z L E2RRLTERY, FROET V%M
WhHEL PtOAEVER—LAYE 24%E 70, Culr 5413 Pt EREEDOA Y VEREBRNRE ELHED Z L 00
v F L72[5,6].

WIZAE VR —VADEEZ S HIZRELSTDH72DIT, Ir L RE Y
BB AERA OO E A~ A Bi 2% L7z CuBi 84 TAE ViR —L
IROWEZEATNE Lz, K2R3 TEY, Bi 25070 0.5%721F Cu
IR 57200 C, Pt =0 Culr 64 £ 0 bESRE KX 25528
THZENTEELE[M4], ZORENS, CuBl B@&DAE L F—/b
APt Culr A48 LV b REWVWT LIIRZITEBTE LD TT R,
BARHZ2EES AT EFRER L 8 RTA B UREET L Z AV 54 Lo
ERH Y ET, TORME, CuBi A& TIT-24% L WV I FERICTKE e R -5000 0 5000
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— 'CUgglr-l
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EUR—LAREONE LT, 22T REBLAERNST-ONEND H, (Oe)
ZEELHIDLFBIHSETTIWN, ZLOFITEULTOEEEZMDATO X2 SESERBREDOA L L H—LEE[4],

HbE ISl TTNR), AL VEEMHEERORE SIIRF+ESF Z

DREIITHPIT 2 E BN TOET LR FESFOREIBEETIEH O TN, ZOMICEERKF1AH - T,
ZIUTRA BB OWEAEHETT, MOV TI[NEZSR L CTHEEZ WO TTR, R UEAMOHEL G,
AV EBET D p MIED IR IT, MMOBEZ RIS OHE LY bIEFMICA CUHUEMBFERARRE <RV T, 20
HTHRTETZHRE S EEDODN Bl (X, AFTESLEOF TR UVHUEH AR R b REWVILEIZE NS Z &
WRA L FDE S TT, EHICZORMEITRT HHER L LT, Bi ®BED# Pb % Cu lZIFEM L 7= CuPb 44 TH-13% &
W) RERAE L HR—LVAPELNTWET[6],

AR L72 X D12, BIEICE D ETAE Y ha =7 ADGHTlE, —RNUICHV LTS Pt DAL R—AATT 5,
M—HZR AERR O TWER AL, ZHEH ETEANRRMETT N, ZOHEHBD 1oL LT, ALV FR—ANREE
W 570121, LI REEERDZACONTEY . £< OFEBERTIE Pt O X 9 7 BBEERIZIT O FEREMER & TR RN B
ICHELTRY ., [MLDOEHNENH DO TRV NEEZ TOET, Bl TIX, ZO8ZMERT 2L A K
=7 ZAHTHTETWETMNE]L KKRE LTS/ VT4 —TF, —HFTHRAOEROEY 7 v 7Tk, AL VR
— VN R R R T IEREVE AR & SRREPERIZECEE L TV D b1 CTlad | T A B VB EEA OV Cu 2 L TV A DT,
FREO XD REESN IR NS NWEEZ TNET, 2O X I RPLT, 2011 FIC[9]D L S 7eit#)Y Cornell Ko7
N—TINBREIN, A b= A THRVGEEICRY E L, ZORFEOEFIL, Pt DALY R—L R L2
—HIZHEEL LS LWV DO TTN, HEVIHELDOFEDVNE I IZHERNLTHY, BEARTEZL2HLOTEDHY I+
ATLT, BOEDERICED L, AV UR—AALZERNICET T 2720I00F, AV VIBELSVWOYRELELED
THMLERDHY, Bxr DAL IBEORBE G VIR RH D E NI DO TT, LRAIIMHE LD FidmprtiA s Pt »
EIZHEL TW2ICHEDL LT, ZOEEHRFICHL TUIEAL TV EE A,

ZOFETHELEVIHB LD T ENKGR LIZWE ZATTN, NeEWVWosTHSTEHLOEREED KL THEFAPX
FHA, REIVERFEZHHO, FaL VL &) Z & T ALEHIOFETHELIZEDILTND AL U IHE L H
HTERWNhEBXE L, 2 TEXFNWTZOR, FABKR KT ORFIZIT > TWIHIKBESRZ A5 2 & TL/Z[10].
P RTERN R OFEMITHZ IS CTHEES ETN, NEERICHS Z LT, fiEEINEE A VHUER EMEEND 2 20K
SEBEMTZENTEET, RRA NI ERLS TWIZYIRE, BEICBUERAAEMRE DO FICER LT oD TTR, #E
IFAEUETER Lso & AV b =F A THEMIN TN DA EUERE Ls IZIHA BRI H 2 O T e B, #l
SRR, AL A4, EHITE CuBi A THAEVIBE L AV VIIER 2RO ZA, LN LS RERE S
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A, A AR & A Y UHLE RICIZREGER H
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VB3I2(=0.8N) 5712 Bn D Z L 2z CHX
(X 3 /), N TERFEEL LFHIT S
TEMNTEELL, SDICASETORY TR
W Pt DA ALBEDORED Y ITHFAD 23
RN EN FHRFEDOREN S0 £ LT
(6, 11].

[9]23H C & 7= HEICIXBE IS L 7= S, & H 7

SR E AL AE AR O 1R BRBEICEITHREVINH DS

3 AV UEEE Ls & AU EE Lo D EIE[6],

HIENERSTWELEN, BlZR->TEI L, AR NI THRBEDE T EEZF T TN TCErozt 23
CHEWET, Fhziic, bH>0 UG T4 LiEm LT, mAWEREHA L THEWZY | #ICmHEWT A7
TEBEELTCHEHE, TREERTHBETE 2 IZhneELTBY £7,
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PEIF > D IERER O FATE L T 2272 2 &L FERFIZ O LBV E T, 20056 FITHRERSN - 8 X M E i eIRGT
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B LB ORESSTE BRI OV TIRNT D & & biT, ZTRETEIEHI R - 72, L —V —BHRE O FEEE~D
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LabVIEW Real-Time % i\ 7z S A B AHZS B > 2 5 4

FAIE 2004 FICHALKZEOE LR 2 E T, BUEHSWIERTIERE (SOR M) (&R L% L7z, SOR fiak Tiahms
T N— T RABIFEEICETR U, MRSk - 80 X RS O IR E B CRERR A T E ST T2 B = RS IR NI 2
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DF2— bV TNERDDDICHEREBEREIZET 1 AD USB AEVIZRDLEATHWET, 20 USB A€V (T
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® [i¥Y—1
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MateriApps LIVE!

MQ19I’IA nh & Build: 2013.00-25 19112

Boot menu

Live Camdb ja KED= jp)
n KBD-us
)

Press ENTER to boot or TAB to edit a menu entry

2 MateriApps LIVE! i Ehimm
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TLESWRRERD Y T, BRI, ANT7 7 A V2T 25 2 & T, AkaiKKR3, OpenMX*X° xTAPPS® L 5 7045 &
NBBUEOFDOFHANTEL Y 7 b =27, ALPSSO L ) RE T THMOY I 2L —2a VN TEET, A7 7
ANDIERR LR &, ENEhOT 7V r—2a v OF 2— NI T, A—% %4 b MateriApps, F7i347 1~
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6 http://alps.comp—phys.org/
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W7V a2t ABIE Th=UTATIAH)s \Z LV EFRI D, TIUTELBEME WBACE FHWT Th=—~(dMIdD/ICE b
EbEh, RICEFEARCBWTERT 22PN TEY . BETEMWEOFEICEELRETH D, PralrsOr0#:

18  MIEMIZE LD S4B 25 evcvsessessessssssssssssessssessssssssssssssssssssssssssssssssssssssans sannmEENE



RV 2F A BUITIRE OB L LTT 32 Hf] L CRERIICIED B, & FERANOFEEL TR LTS (K2),
WG RS D LIRIRICE T 2 T HOFHIETMZ b, RFEMEREBORAZ /R LT\ D, BERAICIEE 7
REEHETORr—Y v 7 A UETHIZR T HBMEIREE Tl T X(H-H)y USHBil3 5 Z EBmbnTnb, AMEICE
WT B RARIRIZIE W T T ICFEBROBESHRTF A HR S E TS 13 He = 0L 720 | ANHVST A — X Ofilfi7e LicE
0 REGC B ER S RAMLE LTV A Z E BB SN2 o 72 (1X8),

Pr2 |r207
HI111]

—e—0.05T
—0—0.1T
—-0.2T b
——0.3T
——0.4T
—4A—0.5T

Ty /H (1T 5

SN
AN vy T
e _ N

T(K)

2. ProlreO7 IZBIT DR 7 ) 2+ Bt T OWREERFN, #5HIL[111 7 AICEm L T\ 5, B350k
WA Th 3BTRS 2 5, IKEDOFRUT T 92 OFRBERT,

o, 0.25 Pr,Ir,0, i
e HIM111]
0.1F E
II 0.01F |
~ E @ 0.03T M 0.45T ]
b O 0.05T m 0.5T ]
r 0 0.07T 2 0.6T ]
r m 01T A 07T 1
L A 0.12T v 0.8T 4
A 0.15T + 1T
0.001F v 0.2T < 1.2T _
F v 0.25T = 1.4T ]
C o 03T = 1.6T 1
L ¢ 0.35T 4 1.8T A
- M 0.4T o5
Lol Ll L vl Ll .
0.1 1 10 100

T/H 4/3 (K/T4/3)

3. Pralr:07 (BT DR Y aF A Bt Th DR AT —Y 7,

Bl B B B B B s ra e e ettt nas P E L OB 482 B 19



GRDERE

LBl 4 1 PralreO7 (281 5 € 0 5 CoO R TEE A 2 A B E R OMEEZ B U TH LI Lz, 2D ORERIE,
Y e THEMRE R —VNRETRT I A TR ARIEHED, BFHNT7 I A L —va vl THRESNZ&T
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RIVFIZ Ay IPEICBILZAEY - X3 T+
v 7 H A OB

PYETREENEER: A R 2RH R

BERRRT L BTN FARHC BT D~ VT 7 o nf v 7 BIRIE, AV - BB EERZER L LomEsiLo 15
THVH, ZZ 10 FEOYHEYFLO K& RBEO—D L e o TV b, A 7 v A XSS D ThMnOs, 71 /3—
A7 U 2 —fEEMEEZ B> CuCrOz F DR # 72 R 1% L CTHER - BRI bAFZEN R S, AV IS L B0 B
FRIZDONTNL DDRDETABREIN TN D, [1-4] 2D T, ZRIIERBEM R BazCoGe207 1%, Hifli72 collinear fi#
KIEZ O b BT, B CoOs ME R RFTEENIFAET 5 2 LI k- T, BIRZE RN & B O BR A
T ATF T onAf v IWBEER->TWS, [5]

BazCoGe207 Tl MeMEZHH S CoO4 I MAIZ IR LAFIE LRV Z L35 Co ¥ A b DA B IURGEF T BRI &
ik 7D, ZOD, YHEME CIEFEOEEEZ ALY « NIV =T CORHAO P CRNTT 5 Z ENARETH D,
Co 1 4> DRI R OIERFTRIRFE DB LN G| 1o & ZIFBEXR MO Z it ALV (ALY « X~T 4 v 7
A T)Oxy =SS+ S'SX L& THD Z LoD, LIR- T, BROWHEEZAEY Y « X~T 1 v 7B EFEODT
HTENWTE, MMEEFEMEOWM G EZAEY - NIV =T LI VEEBRT LI ENARERTHDL, IHIZ, ZOAE L -
FYT A VBT Oxy = SYSY+ SYSX = cos(ZO{S*Sy + Sv8+ — sin(@m{(S7)? - ()3 MOHHILIFM[6]*, ab NS
IR D BIRATIATHH 2 & bMN S, 22T, XY,Z BN RICRATICER SN EETH Y | xyz 13
AT ERE T %o 1 1(b). 1T Co VA MBI DR E M, BRI, AV - 2~ T 4 v 7 A TOMRE R
To BRFEIEELNER BB VIREROT~ 7 1 7 EER MO TO B 56, B 10)O & 5 IR EliE<100> 771
L7y EEEEAMHAEEMN S 2 WITRINE~T 1 v ZHAEFEAOBEIEIR 1D & H1<110>Jm L 25, TDZ &I,
ARV« 2T 4 vV HAERAER L BROBOFEC AT =0, BLIOMWOH LT[R X —DHIEIC
EoTHRHFEETH D Z L 2 BT 5,

(a) (b)S//[100] _ (¢)S//[110]

a,y electric a,y
polarization

spin dipole

1 (a) BaxCoGe207 DG, (b),(c) Co VA MIBIF HMRI M, BEXOM, BIUAL Y « X7 1 v 7 EETOBE,
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SR DR

BRI & AREPERIENC A B L BRMR R OFFIEL, 28 - I E CEEIZR > Tn5, SEOHZEIZE N
T. BaCoGe:07 TIXERDBN ALY » X7 4 v VAL LEMTH Y . BRESTMER ALY - X=T 1 v VAL
HIZE > TRESNTWVD Z ERH LN -7, EEREIX, K 10IITRT L 518, KMFEE/KER~T 1 v 7 WIEFE
DIFAE L, A B 13<100>J5710 Z [f] < RENREBLL TV D, Z2TH L, <001>F5 AIZES A L TEKD MO J5h %
iz, B LW RTIRFAEARN R~ T v 7 RENFEB SAUE, A 390 ERERL, <110>Ham<, $T72bb,
AV OSMEERIL>Tay b= TE 5 Z ERMRFEI, BT LWERKBSRO RN RE SN TN D, AV -
F=T 4 v VHEERORE &7 e [, A B <100> 75718 & [ TR HE & <1105 5718 & AV T2 IR BB & o= kL
—HEERLTHEY ., ZOMEMNNENIERL 2 ar br— L LTV, LR T, Lol 132 OEZRER SN E O EE
BRG A= —L o TD, 5%IT, BEWEICRIT DHETE— A L bOFHZES CHIET 2780, Joff ORE X
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#F A(iyoite) = I fA(misakiite
MnCuCI(OH), CusMnCl,(OH),

BHER , 2MBP2/m =H&%, ZMBEPIMI
Eih BEREHIRYE
1. BEAAH 10 mm, PEEEHRFERAPT A, T ORI H AR A ST, DTGB, 2013 4 ICREE IR

BOWRE TR LT, ZI3E v W 2 GURPEENSD &5 RBHTC, ®BHY LRSI L TELTEEZOND, FRE
FAToMHE, O Tl e SIGEHCEA TR4 L, WIhb T 2~ AN —TICRT D,

& F A(iwateite)
Na,BaMn(PO,),

=HFRFR, =MEP3

Ei EFREHMNBSMAEL

X 2. BEEALK 0.5 mm, FRELTICHMT DI AGORRMRINE TA, STRREFOEFER - A THLIERERIT Mo 2
SAh) EFHENTZIE CEMITETRDTELS . ERIC L Z L OIEMIN BT D, TAREOARIZHIEDICERA L L D B 7208, oz L
TEFERICMATHZ LI LTZ, 2013 4RI,
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3. BHEALK 0.6 mm, TROGIBEMERSGEIL, Z OHIMOMEIL, 2> TORTFEDUFIEIC /o E > T2 HERMICHE L TR,
g, ~r A RVTT U NFVTL LT T—AREICEATND, w2 A ) 7T U ERIMHC ERSICR O8I 2 % T
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e

The physics of quantum critical phase transitions connects to some of the most difficult problems in condensed
matter physics, including metal-insulator transitions, frustrated magnetism and high temperature superconductivity.
Near a quantum critical point (QCP) a new kind of metal emerges, whose thermodynamic and transport properties do
not fit into the unified phenomenology of Landau Fermi liquid theory - characterized by a specific heat that is linear
in temperature and an electrical resistivity that varies as the square of the absolute temperature. Studying the
evolution of the temperature dependence of these observables as a function of a control parameter leads to the
identification both of the presence and the nature of the quantum phase transition in candidate systems.

In this talk, I will review my group’ s work following the evolution of the in-plane transport properties of copper-
and iron-based superconductors at temperatures below the superconducting transition temperature Tc by suppressing
superconductivity with high magnetic fields (both static and pulsed). One of the striking observations from this study

is the distinct behaviour found in the pnictide superconductors when compared with their cuprate counterparts. This
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dichotomy reveals a deep fundamental difference between the two families of high temperature superconductors, and
while the transport behaviour of the iron pnictides might be associated with conventional quantum critical scenarios
in which a magnetic ordering transition falls to 0 K with doping, for the cuprates, an entirely different and novel
theoretical framework may be required. This difference is also closely tied to the mystery and the origin of the normal

state pseudogap found in cuprates with low carrier concentrations.
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HE:

The pyrochlore magnet YbeTi2O7 has attracted great interest as the first candidate to be a magnetic analogue of the
Higgs phase or a U(1) quantum spin liquid, depending on different crystals used for the experiments. Via
comprehensive polarized diffuse neutron scattering experiments on a high quality single-crystal Yb2Ti207 sample, we
had observed the first-order phase transition occurred at Tc ~ 0.21 K, separating a high-temperature magnetic
Coulomb phase, that is characterized by pinch-point features, and a low-temperature magnetically ordered phase,
that exhibits finite planar components of pseudospins [1]. Since this planar component can be described as the Bose
condensation of spinons, carrying emergent magnetic monopoles, coupled to the U(1) gauge field within the framework
of a quantum spin ice model, and the transition temperature is low enough for a quantum Coulomb liquid behavior to
appear, this first-order phase transition has been regarded as a magnetic analogue of a Higgs transition. In this talk,
we will present our new muon spin relaxation (u SR) and specific-heat measurements on polycrystalline and single-
crystal samples of YbeTi207. The specific heat exhibits a sharp peak at Tc between 0.21 and 0.26 K. The magnetic
entropy released between 50 mK and 30 K amounts to Rln 2 per Yb. Observations of a steep drop in the asymmetry
of zero-field u SR time spectra at short time scales, as well as a decoupling of the muon spins from the internal field
in longitudinal magnetic fields of < 0.25 T, below Tc demonstrate the formation of static magnetic moments. These

evidences strongly support the scenario of the magnetic Higgs phase.

B2 : PG+ 2 J-— : Exotic phases in spin-orbit coupled correlated electron systems
HEF : 201444 A 8 HCK) FHi 11 Bf~F88 O Iy
5 tEOERIARE 6 B S5 B3I J—%= (A615)
#%H0 : Eun-Gook Moon
fiig : University of California, Santa Barbara
e

Correlated electron systems with strong spin-orbit coupling are one of the cutting edge areas in modern condensed
matter physics. Interplay between spin-orbit coupling and Coulomb interaction provides a new route to access novel
phases, which generates active research in recent theory and experiment. In this seminar, we discuss attainable exotic
phases in three dimensional spin-orbit coupled correlated electron systems. We show that quantum critical phases
and topological phases may be realized in systems with proper symmetries using standard renormalization group
methods. One of the important implications of our finding is to provide a concrete counter example to the common
belief that electron correlation effect is relatively weak in three spatial dimensions. Application to pyrochlore iridates

and relation with recent experiments are also discussed.
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F U Rh3*, GatH) BB, R EUREDOE(LITE-> TRE S E(T D 2 & B HEIFF S D REEWE & BEMEDZEAKIZ OV TIF
REATV, TREBDNRIZE D Co* DAL REOEE LV FHIICER LTz, 2hd 2 DOBEMHFIIRE S BRD
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B2 IRAT ZAT > TR RSOV THHET D,

[1]. T. Kyomen et al., Phys. Rev. B 67 (2003) 144424.
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ERZEE] #4RHL, 2P A Y REERICEE &R 2R LTS AR #ER ST\, —F, «-Ha(Cat-
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5D ENRINTZ, L LR SAERIE Lz BC-EHARIZISV N TiE, Mott #fa il & IO KR8 & 1 5
FRFFAH O EAE MBI S A, Z OEATERFHHAS Mott AR I = R L F —IIZIEF TP L T D Z L R R S i,
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[1] T. Isono et al., Nature Commun. 4, 1344(1-6) (2013).

BiE : Bishi( > 74—~ )23 F— : Charged quantum entanglement and its application to SPT phase
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Quantum entanglement has emerged as a very useful probe in physics and quantum information.

In this talk, we will introduce a new class of entropies, called charged entanglement (Renyi) entropies, that measures
the degree of quantum entanglement in different charge sectors.By using the new entropies, we characterize symmetry
protected topological phases.

We will also consider phase transitions in (charged) Renyi entropies.
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[1] S. Sorella, Y. Otsuka and S. Yunoki, Sci. Rep. 2, 992 (2012).

[2] S. S. Kancharla and E. Dagotto, Phys. Rev. Lett. 98 , 016402 (2007).

[3] S. S. Kancharla and S. Okamoto, Phys. Rev. B 75, 193103 (2007).

[4] Y. Yamashita, M. Tomura, Y. Yanagi and K. Ueda, Phys. Rev. B 88 ,195104 (2013).
[6] Y. Yanagi and K. Ueda, arXiv:1403.1743.
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[1] A. Ichimiya, Solid State Phenom. 28/29, 143 (1992).

[2] A. Kawasuso, S. Okada, Phys. Rev. Lett. 81, 2695 (1998).
[3] Y. Fukaya, et al., J. Phys.: Conf. Ser. 443 012068 (2013).
[4] K. Wada, et al., Eur. Phys. J. D 66, 37 (2012).

[6] Y. Fukaya et al., accepted to APEX (2014).

[6] I. Mochizuki, et al., Phys. Rev. B 85, 245438 (2012).

[7] I. Mochizuki, et al., in preparation.

[8] Y. Fukaya et al., Phys. Rev. B 88, 205413 (2013).
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Vesicle is a closed form of a bilayer composed of amphiphilic molecules. It is a simple model of bio-membrane and
can enclose some materials inside it. For example, a vesicle can enclose a polymer solution, whose structure is
frequently found in biological systems such as endocytosis and exocytosis, and is expected to be applicable to industrial
science, such as the drug-delivery system. We studied this system by simulations based on field theories. We adopt a
coupled theory between phase field theory(PFT) for deformation of the vesicle and self-consistent field theory(SCFT)
for the polymer conformations. Contrary to the preceding studies of hard confinement for polymer solutions where the
vesicle does not deform, the combined PFT-SCFT method enables us to realize the soft confinement that has been
difficult to simulate only by SCFT. Using such a combined PFT-SCFT method, we obtained equilibrium shapes and
dynamical behaviors of the vesicle deformations that are induced by the phase-separated structures of the enclosed
polymer solution. As a result, we obtained a rich variety of vesicle shapes, for example symmetric dumbbell and

asymmetric pear shapes that can not be obtained by minimizing the free energy of the vesicle without the polymers[2].

Reference
[1] Y.Oya, K. Sato, T. Kawakatsu, Europhys. Lett., 94 (2011) 68004.
[2] Y.Oya and T.Kawakatsu, in preparation.
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B BT >~ 7 4+ —<)VE I — : Complex rheology of simple soft particles: Role of inertia for shear
thickening
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Ji& : Laboratoire Charles Coulomb, Université Montpellier II
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We numerically study the rheology of a simple model of soft repulsive particles, and show that nonlinear flow curves
reminiscent of experiments on real suspensions can be obtained. By using dimensional analysis and basic elements of
kinetic theory, we rationalize these multiple rheological regimes and disentangle the relative impact of thermal
fluctuations, glass and jamming transitions, inertia and particle softness on the flow curves.

We characterize more specifically the shear-thickening regime and show that both particle softness and the
emergence of a yield stress at the jamming transition compete with the inertial effects responsible for the observed

thickening behaviour. This allows us to construct a dynamic state diagram, which can be used to analyze experiments.

Ref.
Takeshi Kawasaki, Atsushi Ikeda, and Ludovic Berthier, arXiv:1404.4778.

fid © Topological Phases in Quantum Materials (BrE 1 # Lecture Series 25 4 [B])
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We discuss recent theoretical and experimental attempts to understand possible topological phases of correlated
electrons in quantum materials. After introducing key ideas of topological phases, we focus on two main examples.
Firstly, we consider quantum spin liquid phases in frustrated magnets and materials near a metal-insulator transition.
Secondly, we discuss topological insulator and other related phases in interacting electron systems with strong spin-
orbit coupling. More recent theoretical ideas for generalized topological phases of interacting electron systems will

also be discussed.

B - BiGeE 2 ) — : Response functions in Spintronics calculated by means of the Kubo formalism
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##Mli : Hubert Ebert
g : Department Chemie, Ludwig-Maximilians-Universitat Minchen, Germany
"2E:
Kubo's linear response formalism allows to determine the response of a property of a solid to a perturbation in a
very general way. A prominent example of application is the evaluation of charge, spin and heat transport coefficients
of solid state systems. The scheme of Kleiner [1] to investigate the symmetry of conventional transport coefficients

has been extended to describe the symmetry of conductivity tensors appearing in spin- and thermo-magneto-galvanic
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transport. Implications for the appearance of interesting effects described by non-zero elements of the respective
conductivity tensors are outlined. In recent years several first-principles approaches have been established to treat
transverse electron transport phenomena as e.g. the anomalous Hall effect and spin Hall effect. Most of them treat
only particular contributions to the full conductivity tensor. In contrast to this, a first-principle approach is presented
that is based on the Kubo-Bastin equation [2] and implemented within the fully relativistic KKR (Korringa-Kohn-
Rostoker) formalism [3]. This approach is able to treat intrinsic and extrinsic contributions on equal footing. Both
contributions from states below (Fermi sea) and at the Fermi level (Fermi surface) are treated and can be analyzed in
detail. The approach is applicable to pure systems as well as metallic and semiconductor alloy systems. Several
examples (anomalous Hall and anomalous Nernst as well as spin Hall and spin Nernst conductivities) are given to
illustrate this analysis in combination with numerical results obtained using the spin-polarized KKR electronic
structure method. In addition, corresponding results for the Gilbert damping parameter [4] and the spin-orbit torque
[5,6] are presented. Special emphasis will be placed on the role of the so-called vertex corrections that allow to build a

bridge to the semi-classical Boltzmann transport formalism.

[1] Kleiner, Phys. Rev. 142, 318 (1966).

[2] Bastin et al., J. Phys. Chem. Solids 32, 1811 (1971).

[3] Ebert, Kodderitzsch, and Minar, Rep. Prog. Phys. 74,096501 (2011).
[4] Gilbert, IEEE Trans. Magn. 40, 3443 (2004).

[5] Manchon and Zhang, Phys. Rev. B 78, 212405 (2008).

[6] Gambardella and Miron, Phil. Trans. R. Soc 369, 3175 (2013).
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The quantum Monte Carlo with worm update is one of the standard techniques in computational condensed matter
physics. For lattice Bose systems and quantum spin systems with magnetic field, it is arguably the best method to
explore large systems (provided, as usual, that negative signs do not intervene). To our great regret, the computational
task can hardly be split into pieces and assigned to many processors. This is because the worm update of configurations
is achieved via a motion of a single point, in contrast to its cousin, the loop update. Recently we proposed a general
quantum Monte Carlo algorithm suitable for parallelizing on a distributed-memory computer by domain
decomposition. [1] The trick is to introduce a large number of worms and to control its population by a fictitious
transverse field. For a benchmark, we study the size dependence of the Bose-condensation order parameter of the
hard-core Bose-Hubbard model with L x L x(1/T) = 10,240 x 10,240 x 16, using 3,200 computing cores, which shows

good parallelization efficiency.

[1] A. Masaki-Kato, T. Suzuki, K. Harada, S. Todo and NK: Phys. Rev. Lett. 112, 140603 (2014).
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BERE : Mt 2 ) — : Flat band physics with strongly correlated photons
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It is well known that certain types of tight-binding lattice geometries in quasi-1D (e.g., sawtooth chain) and 2D (e.g.,
Kagome lattice) exhibit localized eigenstates due to frustrated hopping and quantum interference. Localization
manifests itself as a completely dispersionless flat band in the entire Brillouin zone. The macroscopic degeneracy of
the localized states may lead to a strong enhancement of interaction effects resulting in highly correlated, topological
and exotic states of matter typically discussed in the context of spin chains, fermions or ultra-cold bosonic atoms.

In this talk I discuss a novel architecture for realizing flat bands with strongly interacting photons. A one-
dimensional chain of cavities with embedded qubits in every other cavity exhibits such a non-trivial flat band peculiar
of polaritonic systems. The proposed setup is realisable with state of the art circuit QED, where the lattice dispersion
can be switched in-situ between flat and dispersive (for a recent review see [1]).

We have calculated the steady state of this system including drive and dissipation using open system TEBD as well
as analytic projective methods. Based on our results we identify signatures of photon localization and predict the
formation of finite-range crystalline order in the non-equilibrium steady state, which can be understood in analogy to

the formation of a charge density wave state for flat band systems in equilibrium [2].

References
[1] S. Schmidt and J. Koch, Annalen der Physik 525, 395-412 (2013).
[2] M. Biondji, E. v. Nieuwenburg, G. Blatter, S. Huber and S. Schmidt, in preparation (2014).
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PR : Bl 2 - — : Understanding the mechanisms of proton transport in hydrogen bonded media from
first-principle molecular dynamics
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HE:

Proton transport in aqueous and non-aqueous hydrogen-bonded media has long been an area of intense study due
to its fundamental importance in emerging energy technologies such as hydrogen fuel cells and in biological problems
such as proton pumping. Our understanding of proton transport phenomena is based on the concept structural
diffusion of a topological defect in the hydrogen bond network generally attributed to C. J. T. von Grotthuss. Within
this picture, long-range proton transport is driven by specific structural rearrangements in the local hydrogen bonding
environment, however, pinning down the specific microscopic mechanisms in different media remains an immense
challenge that has an immediate impact on the problem of designing novel materials for enhancing the proton
transport process. In this talk, I will show how first-principles molecular dynamics has contributed to our
understanding of proton transport phenomena in a variety of systems including aqueous acidic and basic solutions,
acid hydrate crystals, and phosphate based materials including pure phosphoric acid and its mixtures with
heterocycles. It will be shown that proton transport in aqueous systems relies largely on local fluctuations in the
hydrogen bond network while phosphate systems, by contrast, transport protons along extended, polarized chains in
a manner much closer to the original picture suggested by von Grotthuss. Such mechanistic studies can help inform
the process of membrane design for electrochemical devices such as fuel cells. I will also discuss the role

autodissociation and proton conduction play in the high observed dielectric constant of phosphoric acid.
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