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R— VR IIRBIRICEL L, AT v 7 &R T
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2 WILAMIAR T > e ndt (B 203 2 otk k)
DEFIEGE DT TR EE 2D, T2k 2, KbliHk
EF&F EOBHEEHEAIC SN TS, TRALF—ZT |
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M3WILDOREXG L LTEY, bHAAR—/UMREE L
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EETHHT v — B bl L a2 R LTNnD, &
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DT MAGOEEREFEG LIcb D THEX LD, 20
N7 MRIE, Ty REROMSIC L - TE B, B
ETIE UL TRY =6t LIS bDTHD, =
DY =R, TUAT oY = EORBIRRY kL
KT LR NEBBTIENTE, THE, A MEHE
I A AR et & 7 U VT v — R TR L
b0 (AR Ths, 7IAT Y — 2k
WZPHmCH D 2T h—F A THY ., ZhzHL T2/
W THREFOEEMGICERILIND, 2P,
TRNN 2SR L72R— UREEED e2h OBEfE~DET
fbx B2 L2725,

ZDOXD B ERD L, F—ARICONTH T RE X
FRAREL 72D, ThbL, MBI br—L Y iciE
K92 H AR A — A2 R A B T, EEIEZERICRIT D
AU =R IR T B ARR 72 B S B AU A — LV R
MEDZ L%, BIZF RV ViEREOHEGRTHE
EARREE RS, LTy s 250 BT ET
AR [22]h. ZO—oODFERLE XD, WKE
KIS b OOBAJAH 7D OERKRBZE e Th D
AVT e 70 DL, HTHRZRF—AHRIY
H TKNN &I L > TR TE 2B A — AR E T
TRITBAETIE ) Fv— Uik EiZh, 20
T35 bE D TSR D b TN 5,
BEOYWE TN SN D HR—IVHED B, SR
HFLaWEEEET TRFERETR—AHE) o—ib, 2
I Tk 7 IEB R ZE RN BT AR O R & U CHR
THZLENRTES, BEZZoghFix, TKNN LIFHZ A —
TIAET T 4V Ik o THEBI TV
[KL1954], L22L., ZOHEEMERLEHKIZ, TKNN »H0
ROFEREIZE > THRHBINDHIZEY [CN1996], TFED

WIIEDMEREIZ DTN o 72 L E 25725 95 [NSOMO2010],

Fim, KEEBEINTWD U A VET R [NN1983,
WTVS2011JIcB Wik, [T AL m] NEBRZEMICE
J BT B—UZxE [V1987, M2007, 01994] L, &0
TeDIZT A VRO EBIAARESE NERT5 Z L1272 D,
C OB D S £ SERMRIE. BUEOYIEM LI

3 DWIEXVESCBEI S

FoHERy b FEY I D—2L o5 TWWS [YLR2011],
DL, EEEERICEBIT AT —ii#Es LUENIC
L K3 2 (AR X P B 0 SRR & & L C I 7
& EHTWDR, ZORAIEL TKNN ThHY ., Hiodm
X BIUCE o TSRS NIZE Vo TRWEA D,
B, EHE LWL [33] & FAERFRI S — i A E N
THHIPRATLEIBREIMELTALN, FHRIELT
HEHIEBE UV, IEFICE L ELHBENRGMILT
bb, 77AN—=RKO bR T P—IZON T OYEEEE T
DFFEFE L THHFHRTHY . ZOFICHED H 5B FIC
IXRFEDO LR E L CTHED 720,
T3S LR S AR e O—RR B b OB
WELOMFE E HEE LTz, 728 20, 3 ok~ TKNN
O—ft [KHW1992]i35ir > bR & ¥ A1 )VEE OWF5E O #l
RIRD B BIER, A TZE, 20X RFRITEAD S
DEINTVD T LATRITLEAE TS ?) 2, FlE
T, HICAXRENTIZHR~ A T =R HicoTc L E X
21259, FD XD REERIZ, BTl X5 B2
WIERFZERT CIThN - Z L ICITER N b o b D L Bbh
Do T ZIE, WVERFSERT O B OChISEERICIZB T - Bhs L
LCTHIBZ5L, BAl—, ERER D 3ANTEFE LT, 4
REL M AR a O Vi EF B OAFIEE N O 23D 725
ZELHY, BREGHANLORA Lol Zh
WETED AR TD Z OB OWFFEDRBICKE < HE LT
W5 ZEIFERmORNEZATHAH [S2011b],

4. bRoIhViERIA L TKNN

RO OEER MYy 712, MARr YRR
K bRe P HVBRERR DT 5N D [A2014, B2013],
AR E IR L IE oL OB TEBZR) N
R LRI CCTh D03, EFAR—/VIREE & FRRIZF ¥ v
T U A7REE (b L IEREIREE) 280 & 5 itk
Thd, ZOWIKRE (REREE) (ZRFH USRI & -
TIRFEINDOT, FERREEFER S R0 hARa Tl
NHERARZ RIS L TERTHI LN TED, 22T
EC A3 el = SVASY YAV NN N N = BV Ji % T2 SN
B RS S R DAETE FICRB W T T Y AT Y — 0 ETE
#IND Ze MR HINETH ITL-oTERTE D,
HH A BERPZRMEERINHIIRELS 2 L2250, B8
L LTI, TRNN 22—t L7z b o0 bR v ¥ vz
HBOHRIZELEEZDTEA D,

=&z, DT, hR v U vk o & B A
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WOSIHATH D, ZOBEETTH TRNN fs[51] & %D
—LIZONTDOL E 22— THATEY, FRedh
AR DIRFICE > 725 L LT TKNN BAEETh - 7=
ZENEL 2D,

The classification of electronic states according to topo-
logical invariants is a powerful tool for understanding
many body phases which have bulk energy gaps. This
approach was pioneered by Thouless, Kohmoto,
Nightingale, and den Nijs [1] (TKNN), who identified
the topological invariant for the noninteracting integer
quantum Hall effect. The TKNN integer, n, which gives
the quantized Hall conductivity for each band o, =
ne?/h, is given by an integral of the Bloch wave functions
over the magnetic Brillouin zone, and corresponds to the
first Chern class of a U(1) principal fiber bundle on a torus
[2.3]. An equivalent formulation, generalizable to interact-
ing systems, is to consider the sensitivity of the many body
ground state to phase twisted periodic boundary conditions
[4.5]. This topological classification distinguishes a simple
insulator from a quantum Hall state, and explains the
insensitivity of the Hall conductivity to weak disorder
and interactions. Nonzero TKNN integers are also inti-
mately related to the presence of gapless edge states on
the sample boundaries [6].

b AR 1 A VAERRIR ORI DIREFEE) 72 R IX, TKNN O
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FERLUOR, #5 IS GRsXATHh 5 30 L. kil L
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PERICE IR D LW LT A XA BRI T [21,23]
2T,
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7 Y HVIEIZ SV T 2 [HO02016] 721 Tl . T
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L< P4 (conjecture) &\ 9 A Hi CTHENL TV 5, (B
HEICB T I3 A EETOREIE, [EH) LFEh
T2 bDEED THFMITITRICTE RV DOENR,)
L2 LBUETIE, o TARIC B 2 0PI s 20 B
NS DOD, ZEOMHTH] « B - FERAGZFEHUC KL |
FIFHENL L2 E S5 TRWEA H[A1989], HOHER L+
AUSHTES D bR DB VIR HES < FIBR B2 BRI,
A B UL T ROEREE AR &0 D BRI 331T B EAY
RO REWHEAE TS LI VWO FEFEL, Z0%D
WVEBEER OBFTEA X A MR E BB R 5 2 7, Zhidic
ExUE, T U TRORIRICE N, BT
B BETHROMRFHLERE [AGD1963,19] % H# LT
HONDIEAS D,

6. NIVT U FPROEESIR
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TI7VLw s TR T 4 - U—7 - HiF(Affleck-Kennedy-
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AKRLT BRI, 72 & 213 S=1 OBAaITid, EEle 1 &k
TeNA B UL T ORI R BEAER A N2 72 %
DT o TS, ZONIL =T v QIR IEILRES 1
KD ENTE, AKLTRRE L MEEN D, & OFA T
JERRED FIZBr TRWIEX v v T &2 FoZ &, Fo ki
JOREE (AKLTRHE) 1281 5 2 v AHBIRE S FR 2k B4k
ISR T2 2 L BEEIZIER S TWd, T72bb,
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HDIZOWTIEICIEA SN2 Z Li22 %,
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BERWTEHRE LT AT A —% m) OBICITERER
B2 Z ENMLNTEY, 2 OWELRTHITNE
B TRIFAUEL IR T L ERr TRV LM TE £,
EPE Koma-Tasaki Ofi3X[4)ic & D &, 2272 0 —xEIIC
m =2Co (7z7Z2L ClZ 1 DA —F—OEH) L9 BEREM
BRI TR Y S B E T,

R NG SRR LT, SRl m Lo Lo icE b2 D
AGFEDT TRHRFRT A—F m 2EHRTHENTER
WOT, Fex v s vl R ORI T D R HRE
B o [[X 2(b)] & FH N CIRERA]E A S #R i o0 B R 0Tl &

) 7252 &L LE LA, £ LT, Horsch-von der
Linden[5]iZ & » CTEA SNz “EHARHR T 20 5 FEH b
Vo2 %ANT, ZOXIICERSNT- RS TEEL
RWZ EEFEHT S LIS LE L6, Z DL

NIV h=T v ORFME] & TR Ze B s )
LOHNTE LT, EFHIC RN bDLRoTHET,

BN AT X 51, R E S 2 52— 0ikkix, 2
e R 2 H RIS A RS AMFTE T 272 B I, IR
EHER RS A FANZIEN TH LVOTEHZRWD N EN D 2
LT L, Frx OfFERIT GEEIRE - SHERRAEICIB W O)
INEBETHHOT, —RT 5 L MxHEER (n—1 v
VARENE) LRETHEOICLREIET, L, FHLE
bETFHEI T TR, BEREE - SEERREIE IV =T
YEAWTEREESNTWA D, NIV =T VAHIC
& o THER S D IR FRIE T AR T, JEECREE - F
BRIREETHREMICHND Z L3720, L0 ) Dikd b ER
THAREmE T AET,

4. FHEIZ

Fox ORFFECTITILIREE - FHRIRREIZ IV T Ndifer g
At Prte) & TEEBARERNE B ~& B RBAITH
DR R O IFIEME Z #in UE L7ed, THUCRERRS &
(REFNEHERTRRIE D B FEAEIN) & WD T AT 4 T RS
WHESNTLE-T2bIFCiddh v A, HEERRE - F
BRRRE & W D b & s EiT, Fx OfERITENTE T, Iy
AR D RREMED R S N E T, 272 L. FERKEE - SEHRR
RELIANC THZFEAIIZ ) RERNEE RIS . &) 2
LEBROHLIETERTHIUENRLY £, 72L& 23,
JAE T ORRMEAFAEC K > THRE SN TV D208, AW
2T DOFIRAZREIX, Z A3 R OBERT IR I e PRt &
P -TNDEEZDZENTEET, ZHITHELD
JE % 2 (510 5 BT E L ORI T, 20 X O 7ok
D B BERC~ O g I I SRR D AU 12 2 I RITE (many -
body localization) & /R 9 RICEBW CTEEICHIBLARETH
5 2 ENEBIEDHIFEIC L > Thho TE L LE[T], 41k,
S B 72 DAL A R TR FIRRE DO RFRMK LI R RE
SRR BT D BMENRE D 2 L 3 IR S E T,
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NAazaryii(4y DY LABREMITE W THRGENN
SIS s - M 238 R

= B SRR B P AT FE R B
BEFWEMEIN—T

RO R

Ny NHEERIZE D &, BEAV RPRETICLTESE
INTWDEMEIFILTRB LD, LLARNLETD
EH TR X —IZH L T7 —a VRNDENKE L ozt
B BRI A MCEFRRER L, S5 RRER
SNTRFEIZH - THHEFAHIHER T2, 20X 5 2YE
3E v MERE L IEENTEBY . Z0Fy Mo L
TIEAFSAL BRI E 54T 5 Z & T, &RIRE~D
R (@R - WEikEE) 25l 52N TE D,
ZO&E - MR T, ERBRECIET =13
RIRBIGR e & BRI NRBLT 5 Z LA b Tn
D,

ZO&JE - EREEE L, BTV TH D WA

2y MERKICHNT % Z & THRETEIE E TH Ek
H, LL, EfXyy ALy —a U RO L 5729,

1eV OA =X =720 BHTIHBEER TS RNON
BETHD, TxTERE - HRAEERBIREL (Tv) 23 R HTHY
WET 2310 e aT78A ) Oy AMEEY RelraOr7 125
H L(R = Ho, By, Tb, Gd, Eu, Sm, Nd ®#4 Twr = 141,
134, 132, 127, 120, 117, 33 K), &b Twi L &EM ¥ v v 7
(~45 meV) /NS 7 NdelreO7 128 W CREGFHEEE - 1

IR OB AR A 7o, Z DORER. Ndalr:O7 (28T,

10 T &5 TS el TRR - MR 2 i
TEDHZ &, EHITE DRI IR E <
WETDZ EERH L, FIC[001]07 ISR & Fn L 7=
FRZ 10 T BREORMSG CTHEE - MRAEE EZ 2 2
LRI LT,

1(a)iZ Ndalr:07 OfEdffE 2R T, SAf s a7k
T (A2B2O7)D A YA ba D Nd3* A A BLURB VA
b D It A AT EB L bR A - TBY . Zh
EFNORE—A L ME24BL00.1-02u8 TH D, Z
NHOBRE— AV M Tn= 33 K OSBRSS & It
2, Bulih clde<oT—2 » MANEAERONME L<
VEAMANZ BV 72 all-in all-out (ATAOYEIE~ L4 5
(X 1(b)), W2 [111] FHFHENTEHMT D &, 3 ODAE R
PWRNZHE 1 DO BIMANZIAI - 8in-1out Ak

/INE FHfe., &l B
Tian Zhaoming, 3t &1

GIIO)DHEA TR EN D (K 1), % L ThiY % [001]
FENCEIN U721 %, 2 DX B U 23MilZ LT RN
VN2 2in-2out HEEQI20)DO HE NI TX % (K 1(d)),
—F5 NdalreO7 OERIEMIL, Nd3A A DEFHITHEL |
Ho I 5d B HROBEANY FERFEET 5, Br
B T CIE 2 OB Y RIT X D &RE 7RIS % 8§78,
Tx = 33 K Ol (AIAO G0 HH) & LiciEgik
L%, Z0 5d BT HEROB TIREIIR S & FHREN
BV B UCEESEINIT I XV R E A = v b
7—/L9 2% Z & T NdelreO7 OERUSENEZ I AIEE & 72

H 111 H {/ [001]

1 (a) 73 v 7 T LAY OREEHEE (FHNd 1 A4v . R’
FIr A A2, 2R20A42), (b) Brailh FeHiffFSn5 all-in
all-out #i&(AIAO), (c) H/[111] THIFEEN D 3in-lout &
(3110), (d) H//[001] CHIFF & 5 2in-2out #i%(2120),

FBRHE R

AT NdeIreO7 HfERIX, 77 v 7 AEICK
DER L, 77 v 7 AEICL Y BRI 2 B L 725
E. BRI E AR TIr & Nd O HREZFET 500
B <, HIBICAWZEENT Nd/Ir FeiZ~2%FRE 03 %
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o BAESLN D BWHEAERRE L Nd/Ir X
~1% D), 2O Nd/lr Lha3~2% I T 5 HAEShaEH

DBELIEH MR X 2(2)F AR, MRS
MBI NdoIraO7 ¥y oK Yo 7 0 OARERBIEE (T = 33 K) &
Rp L &R - MxEiEEIEs L7 20 KIZHED LT
L0, FNTH TN CHEPIRIZIB LZ 3T ERTD, 2o
7o, Nd/Ir EA~2%RETITNWD I 7 BT
NdeIr207 (BT 548 - KRB OARE L & 6 2T
D EBEZ . BEIEHE AL OREEIT o7,

X 2(a)F L NFOFEARIC, EFBSER LU0V OV AR
T/ NI OB ZbE L ONREZE (L Z RS, 2D
HIZR 65 X512, ~10 T OB %[001] 7 FHCEING
5L TaRE - RREBEFE XS, iUk, BN
Xy v 7N500 KIBEATHDLI L &2EZD L, 2HTRLE
INEIRE RV =R — VDR T, Xy v 7 RS
722 LD, K 200) i3k 2 72RO T COHPTRIE
#%ﬁ%ht\Hmmﬂ®%%-ﬁ§WET%éo*%%
RGBS TR OGN D LD IZ TR OEIIMZ X v
HIBA LTS Z ERHERETE D, ZOMJE - Mixiiin
BOIRDTNE, BEEEIIN T 17 2 [001] 7> & [110] 47 A&
J2Z L TRESENT D X 20), [001]F MBI L
Z15° BEGFMG M A2 ZL S5 & SHRREDO K E A
OEEIEPUIMEE L, HI[110]5m Tl 27 Y v 2 HBHE
LRLNRL D, INHLOT—XIE, SIHFRED A vy
v 7 ALE Y TR IGRREEIRYIN (L L, HI[001] 5o
KA - MR A IS CE D 2 L ERLTVWS, IO
X9 RRERIRIL O A L) S 1F S - - IR %
B 2(d)iz7r3, HI/[001]5 1A TIEBsESEIINC L 0 B
FE SN, HIIRSA[001] 5 5Th s & &)F -
Mo AR IR 2 B0,

Z DRI EKES UL, MBI L > T, Bip
HREEIEE DS HBL L TV A 720 LEECTE 5 (X 1(b)-(d)),
KRR, Fex OBALAIED S HI[001], H//[111], H/I[110]®
L ERFIEALORE I NZENEN 1.4, 1.2, 1.1 ws/Nd &
o TNAZENH-TEY, ZhiE Nd E—A2 b
(2.37up) WIMEADHFH TA PV IS D EoT2 & &I
R T & DRMb o fIFnfE & —B9 % (H/[001], HI[111],
HIM10]D & & 1.4,1.2,0.9 we/Nd B TPEEND), Zhh
5. M 1b-dicH 5 L 21, HI001]TiE Nd £—A > b
22120 #&3E,. H/[111]3 X OVH[110] Tix 3110 # i % B~
TW5BZ & EFERNICHGE LTZ, 20X 5 2o
EZH DO Nd OEKRE—A 2 M, BEYEZFS Irbd =
HEAICEOMBEERRHILUE, Nd £— A2 O

15 WPEFELOE6cBE3 5

SiEEOEIC LY Trbd BFYMEL B HIFTE 5,

Hm OFHMIIRER U ZER D A (1], BIE LT Nd DF— 2
Y& Ir © 5d BTHIOHAENEH GIHEMAEIER) %Hb
ANDZ L2k, HI001 G TIEX ¥ v 7 U4
BAREBIC2 5 2 & HIM AR TIEFX v v 7BV E
FCHIRIERE D L EBWRBICR LT, Eo T,
Ndalr2O7 CTHELUH & 7= 8555 N5 180 S BUS 72 B KPR BT I
BESRRF OBBAENRR TH D LB B D,

biﬂ

Hiljoo] H 17 [001]

Semimetal

w?

|11n] ' -

€
’ } g o0l

Insulam

3 ) Hi001] 0° . . I I [110)
10 20 30 40 50
4, H (T) E(degree)
4 2 (2) NdoTroOr OBESEHLHN001]), HHA BRI (A7
P, (b) HIN[001)1Z351F % NdoIraO7 DRES « MMM, () 2 KIZ

B WK O AEZ, (d) NdoIr:07 DA EE - BiGARX,

L

AR THA L7z Ndalr:07 12
BRI, FRICAE Y - BB AR R E 72 5d EF%
FroEy MERKOEE - MERIKEE 2 g 5 L CEE
LEZOND, RIEROBBEITIZS1H Y, HlZIE A =
7aTRA) DT MEAWTRIBENTWD U A LEJEIR
HE[4] 2% Ndalr207 (ZHWTHEHL L TV B BIBRAR 724
Do THIZOWTIIER A RIFZER R STV DA, iz
IR = v — L > MR RIS v # —TlE. Ndalr207
EHRIOETIREEZ FFD ProlreO7 (2B W T, ik Lo
DEEEON RN T 2L I HERIZIRNTHEL TV A PO %E
MER (7= /) — R ZBHIL TV 5[6], S HITHT
T, ZDO7 =)V ) — KM NdolreO7 O F M4 B RE
KB THHREINET, 207 =3 ) — RIRET
ATAO BiFZRT &, BRIV AV EERIRES 725
ZENRTRENTEY[5]. Ndalr:07 OEREEGARIZY A L

BT 2RI - ik



FEBERELEZLONRRELEEZLNTND, 5%
R VRSB RB OB L2 XV Ndelr:07 O U
A NVEEBIRE A FERETE DB F-h TV D,

e

AT HTLRFDPERFFERT A JE 28 O & H S45A1 1
HINHER, BV 7 V=T REOAHERRE L, T. H
Hsieh {4, L. Balents i+ 5 2 & ® - EHFEOKET
T FHCHEEREEIL, A RREE L, T H. Hsieh i+,
L. Balents i L5 I K 0T Ty, £ 0FH%
7 RNA RETEHEE LTz, PHEAFREOE SR, A
JER HITIIRRBE O B R~ D &R e &, Hix 220
THHEIEXE L, & L CHRREDHEIERMOER
BNFENTT T AF v 7 AR T v — 7 ORYERRZ, A
WS ETHE E L, BHRIC, ZOHEED TRILH L
R ET
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siAHBYF s T

B -

INETOMIENIEO AT, EFHEAL R
EHEERO LG —H BT 5WEICH T, BOE
TR &R A B BRI AR O WiE 3l 2 727
FRITRBETH Y . Hrarie bR a U h Vv EHNHERTAE
ENBZEMbY, WD 7arT4TELTERENT
Wb, TOBAME L LT, 5d NELHT 2EBRCEA
UP T MBI SN CWB[1-5], 3d,4d,5d ~L 7B
THUERN D & BFHBIEIE D03, —FH T, JRF&
DOHRIZE Y A B AEENRNR 2%, &AM &
AV UHGEF EAEROWE B FRREDO T R L —Rr—)L
EE o THAET DAY DU LW 5d EFRIT. 4KRE
ERSNDH LW CTh D, ARFFETIE, MBS E
HETHIE AN ETREOEEBE L, M rsn
THRIA U DT AR ProlreO7 23, SL5HE bRt FRME & If
MR RIEICSF O TCERTH 7 =V /) — NIREEZF
THIEEAM L, 2 WERSEE R OMlE 73 R
AR N R T 2 )b JYEN B TR D 4 IR
FOo7 =3I — FREDNBHBEREFRTHRY LD
ProlreO7 TIFFET =)L JHRIRIREE HIfF E N5, ABFIED
FERMND, ProlreO7id, MR w U UGN H] 6 THERR
ENFWEE LTSRS HeTe OIS~V 2 0 TH
D B REARRE b AR e P VBT (R AR e P L Mott
Mgk, DA VSR, BT AV RORFEFR—LEE)
ZRIL O DRHEMEIZE F 2 D,

IR -

kAR | U h VBRI DR RL[1-4)I2 ke < K7 D W E R
DT7BT 4 TR, A CHUEHEAEM LRI E
L2 DR LIRS TV B [5-11], £DHFTYH
B2, 5d BRARO TN TG oM rsn
THRIA Y T AR (A2lr07)1%[12,18], hAR R T I
MR ORBUCR TR ThH H 3 RIKER L 5d §uEH kD

FAEBE A f R0 L OBEER T THH 2O TV 5 [8,11],

ZO—HEWENIH ETHKIZBWNT, AV A FoAF
RN E 2D A=Pr & Nd @[ C iR R A 3k 0 S s
HEFERSOFEEIRBEINTEY ., ProlreO7iXZ i~

17 BEIFEXOE 6 BE3 5

EHEBNT 57 2V ) — FIRE

TR . Pk A, ¥ O

DOWHIREBICSH 2 B 2 B 5 [18,14], PralraO7 DOFFH
LT, Eiida M ez fla) oy Lpibhohc
ME— HREME & RIREYE A R & TREFT 5, E7-. Bad
metal AR D BV L IEE AR BRI — M REZ2 R~ T2 &
2D, AR TSRS LRIR S D [6,14,15], FJIERHI
L BESEOMZEN D . P R TR TR U e R
SNFRTH ProlreO7 13 H ST 5(16],

X 1SR THERFE N S[10]. ProlreO7 i3 T AW T,
2 WHIBRA B A FF BB AN R EE N KRR T = v
SN — A CTHELTAEMRBRT L7V ) — REFDZ
ERTFREND[T7, 20/ — RIREEIX, WFE & R
HOBEFETHMEIND D, RSN T =L I HERLIZALE
DDEDITHER OFIG 2 8 2 72\ 28, FEEBRPYSEFEN B
Thd, bR TUNEREEZRO TERIELTZZ & THD
1% HgTe 11[18,19]. HFHNZZNEFEERD T = VX ) —
FIRREZZEBLT 5, b LB TAEDNIE L, Pralr:O7
X OBMEEAN—T a2 o THY | e bR UV ET
BB 25 (K1B8H), 7=/ — FE@ET
X, REEEZ —a CHAERICE 2ERE R ZT 50
T =V JERERHIFHFIN TS, LTz ) —
RAREMN FZFE S AUE, ProlreO7 1358/HES bR v U h V&
THEF T = VIR EFRBLL 5 2RMETLLE X5,

AESRICEF I E OB TG 2 HEBRTE 5
ﬁﬁ&%ﬁ%&f%é —ODDT F bR F—ThhiE
SNDNEFOEEF M OWI R (T—D>OEITKIET D
e, MELIEAF 7+ Frmx X —2AVTERlsh
DTVNT =%, 2k TUOROND k-ky @I
ﬂ@éhém2wﬂ<be3D7UWTVf—VéW
EBERTH0E, 74 bR —E AT DN
Wb, 7=V —RERET DDA, e
7 # Fr TR AX—T ARPES 27 b ZRIE LT,
BB Cd S (LI EICHE L CRIE L2z, 74 b
VIERNF—EEZ OO S D ER RS v ML T, L,
K m&MY 2 mN T cBEI T 5, b BERHE
Bl UTEHAIL, ey ROSBIS AR 7 4 ke
NF—DHR LT 2V I ~FSE, SHITIET =

VLIS DIRD VA B L2 [M 2(d)], 74 b



THRNAF = ELICREL T D E, N2 RO [111] 5
M~ 2 KIEHAR 2 H < 2 & &G LT, 7 = /L JYERLD D
STl PEEND Z L bR LI, x DOT —Z I3,
Pralr:07 @ 3 IITHYE THEEDY . BEmIC THRERD 7 =
NI —REATHZEEF[ET LN 20,d)], —FH. 7
VAT 2 — @ 2 LR Cld, 7 = /b0 I (L
BRSOV HET DN RIIFE LR & 2R L2 X
2(0)], I RUSOEENEZEMTIE7 =V I ERAETH D
T L EREWT L ZOMRIE, Wit R&EER oL
H A RN [20],

Fermi ncx S
ky(k;) quadratic band toliching O

(HgTe)
|

1: 38AHEE AR | O VB FTREZR ProlreOr 37337 = /b
I — MREE, B RERC, SN R EAREAN Y R3 Y —
L TET DRI E S i k9 5, HgTe OB N—
VarbipEd ProdrOr TliX, 7 —nw UHAEHICEL - T
7z VIR T AT EHEE LB, REIT, T ) —
RERFOIET = /b TIRIEAS, BB Z > TR bR m Uik
BA~EBTLZLERLTEY, ROFNRETEND, RoREEME
TANVEGER, AOHKEIC Lo TR En D, —Hili)rm
DEIZE ST, 38 It bR a UHNAZENIER S LD, 2 KT
BIPALIADICEY, BFAEVHR—VIREENEL D, ZhbD
EBREBITIRIEBIIC Lo CTREF SN TER Y, Bam TR b L
2 HIFAPIRKRmREBOREBSYIHIND,

B THIE L7727 — & ZRERE TO 7 = v A0 B
THEIDZ LT, ~kpT FREOP N XL X —HFHTIEH D
DIEEFREZBHT D ZENTED(H 26)]. BED L
& TR B — 27 335 L < il S 4L 2 SRAEBE A1 R FF
HOWRDENDTD, EEEMUTTRINHIEENY RE
SERNCITBIZR S 2 2 LIXTERY, L L, B8V RO
fFAEZRET 5 AT MVBRENHAMEICBIII SN D Z &
O, E TNy REREN N7 oL IR — SUCHES
57 x )V ) — BREZ R THERHEOZLYEN IS

HH 2(d)]. Fx OBIZFERIT, BB Y A V)@ iR
HeLIET = L IR — FAEDS. B@ALof K ERTINC &
DREIT D LR D, 7o, SRR b AN v U A
ROz NI T A RSB FRBHSRF O LT E S B
PEEETHD Z &0, BFHFFHENICY A X8k (H
TN RIERD &5 2 ETHRET L LIfFSND,

(a) (b) hv=52eV (c) hv=39eV
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2 : () PralroOr D7 U AT v —r (belm e L SaERiY 5
EE R Z T E hv=52eV & 39eV THIE L 72 ARPES J#/E
vy 7, (7 =3 — RIREE TT 230 FEFRER, W<
DDA T F h =R VF—EANT ARPES BIE L7/ K
SEAEDETCHRT %, @IExis /3 Moy, ARPES T
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(2016)
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June 23 (Th.)
9:30 M. Takigawa (ISSP, UTokyo) Welcome
H. Nojiri IMR, Tohoku) Opening address

(T1) High field science in the interdisciplinary area

9:35 Y. Narumi (AHMF, Osaka) “State of the art high-magnetic-field x-ray scattering and spectroscopies”
10:00 T. Masuda(ISSP) “Now and the future of neutron scattering in strong magnetic field”
10:20 T. Namba (ICEPP, UTokyo) “Fundamental physics with strong magnetic fields”

(T2) High field science and material design / synthesis

10:55 H. Ueda (SSPC, Kyoto) “Magnetic-field-induced transitions in fluorides with frustrated lattices”

11:20 S. Ishiwata (Dept. of Appl. Phys., UTokyo) “Search for novel itinerant magnets and their magnetotransport
properties in high magnetic fields”

11:45 T.Machida (IIS, UTokyo) “Quantum Hall effect and cyclotron resonance in van der Waals junctions of graphene
and h-BN”

12:10 T. Taen (ISSP) “Thickness dependent density-wave transition in graphite under high magnetic-field”

(T3) High field science studied in steady fields

13:25 S. Kimura (IMR) “High field ESR measurements of the quantum spin system in polarized electromagnetic
wave”

13:50 R. Akiyama (Dept. of Phys., UTokyo) “Properties of topological insulators probed by a magnetic field”

14:15 Y. Ihara (Hokkaido Univ.) “High field NMR study for 7—-d interactions in organic superconductor”

14:40 M. Hirata (IMR) “High-field NMR study of the organic Dirac electron system”

14:55 Y. Imanaka (NIMS) “High field science in steady fields from now”

(T4) Development of physics in spin systems under high magnetic fields

15:10 N. Abe (Dept. of Adv. Mater Sci., UTokyo) “Gigantic optical magnetoelectric effect in high magnetic fields”

15:35 Y. Sawada (IMR) “Directional Dichroism in Spin Glass System (Ni,Mn)TiOs”

15:50 M. Akaki (AHMF, Osaka Univ.) “Studies of magnetodielectric properties in dkermanite materials by pulsed
high magnetic field”

16:05 J. Nasu (Tokyo Inst. of Tech.) “Magnetic-field-induced excitonic state in a strongly correlated electron system
with spin-state degree of freedom

16:20 T. Ono (Osaka Pref. Univ.) “Field induced phase transitions in low-dimensional frustrated spin systems”

16:40 H. Tanaka (Tokyo Inst. of Tech.) “Evidence of localization and crystallization of triplets and correlated local

excitations in fully frustrated dimerized quantum magnet BazMSi2OsClz (M=Co, Ni)”

(T5) Current status and future prospects of science in mega-gauss fields

17:10 Y. H. Matsuda (ISSP) “Current status and prospects of the research in megagauss pulsed magnetic fields”
17:35 D. Nakamura (ISSP) “Solid state physics research in megagauss pulsed magnetic fields”

17:55 A. Ikeda (ISSP) “Field induced spin state transitions of cobaltites at above 100 T”

18:30 — 20:00 Poster Session and Get-Together
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June 24 (Fri.)
(F1) Generation of steady and quasi-steady fields and their application

9:30 S. Awaji (IMR) “Present status and strategy of superconducting magnets”

9:55 G. Nishijima (NIMS) “Development of beyond-1 GHz NMR superconducting magnet”
10:20 Y. Kohama (ISSP) “Generation of quasi-static pulsed magnetic fields and its application”

(F2) Current status and future prospects of non-destructive pulse magnets and their application

11:00 M. Tokunaga (ISSP) “Development of high-precision measurements using non-destructive pulse magnets and
their application to multiferroics”

11:25 T. Kida (AHMF, Osaka) “Current status and prospects of physical properties measurement under multiple
extreme conditions at AHMF in Osaka University”

11:50 S. Okubo (Kobe Univ.) “Development and application of multi-extreme THz ESR in Kobe”

12:05 M. Hagiwara (AHMF, Osaka) “Perspectives of high-field (HF) researches using non-destructive pulse magnets

and introduction of HF facilities at Osaka University”

(High Magnetic Field Forum of Japan)

(F3) International Collaboration 1

13:20 Liang Li WHMFC, Wuhan) “The operation of the Pulsed High Magnetic Field Facility at the WHMFC”

13:50 MingLiang Tian (CHMFL, Hefei) “Construction and Operation of Steady High Magnetic Field Facilities at
CHMFL and the Related Research”

14:20 Yongmin Kim (Dankook Univ.) “Anomalous Diamagnetic Shifts in GaP-InP Lateral Nanowires”

(F4) International Collaboration 2

15:00 Koichi Kindo (ISSP) “High magnetic field co-laboratory — Pulsed fields -~
15:25 Hiroyuki Nojiri (IMR) “High magnetic field co-laboratory — Steady fields —”
15:50 Declaration of the Establishment of Asian High Magnetic Field Forum
16:20 closing

Poster session

1. T.Sakai (Univ. of Hyogo) “Large-Scale Numerical Diagonalization Study on Novel Field-Induced Quantum Phase
Transitions”

2. D. Yoshizawa (AHMF, Osaka Univ.) “Quantum magnetism of the rare-earth spinel compound CdYb2S4”
S. Kawachi (ISSP) “Study of multiferroic BiFeO3 controlled by external fields”

4. A. Okutani (AHMF, Osaka Univ.) “High-field magnetism of the two-dimensional honeycomb lattice
antiferromagnet Cuz(pymea)s(Cl04)”

5. K. Nomura (ISSP) “The magnetization proces s on S = 1 spin ladder compound BIP-TENO in ultra-high magnetic
fields up to 100 T”

6. S. Akimoto (ISSP) “Magneto-optical effect of the Shastry-Sutherland lattice SrCu2(B03)2 in high magnetic field”

7. H.Yasumura (IMR) “Development of high magnetic fields X-ray magnetic circular dichroism for low temperature
experiments and study of field induced valence transition”

8. T. Ebihara (Shizuoka Univ.) “High Field Magnetization in strongly correlated electron systems CeNizGez and

YbNizGez without magnetic orders”
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9.

10.

11.

12.

13.

14.

15.

16.
17.

18.

19.

20.

21.

22.

23.

24.

25.

26.
27.

41

T. Ichikawa (ISSP) “Magnetization measurements of valence fluctuating system EuNizXz (X = Si1-xGex, P) in ultra-
high magnetic field over 100 T”

T. Terashima (ISSP) “Magnetization saturation and electric state of YbBi2 in high magnetic field”

A. Miyake (ISSP) “Magnetic phase diagrams of uranium compounds UPtGe and UlrzIrsSis having zigzag-chain”
S. Matsuzawa (IMR) “Investigation of the field-induced CDW in superconducting cuprates using X-ray free
electron laser”

K. Akiba (ISSP) “The quantum transport phenomena and electronic structure in semimetallic black phosphorus
under magnetic field and pressure”

H. Hayasaka (U. Electro-Communications) “Crystalline spin-orbit interaction of thermoelectric Dirac electron
systems Pb1-xSn,Te”

M. Owada (U. Electro-Communications) “Theoretical study of magnetoresistance in bismuth under strong
magnetic fields”

T. Osada (ISSP) “In-Plane Transport in Topological Insulator Ultra-Thin Film under Parallel Magnetic Fields”
K. Yoshimura (ISSP) “Metallic charge-ordering state in the vicinity of massless Dirac fermion state in an organic
conductor a-(BEDT-TTF)2ls”

K. Takehana (NIMS) “Cyclotron resonance of bilayer graphene grown on SiC”

Y. Imanaka (NIMS) “Magneto-transmission study in high-mobility CdTe quantum Hall systems”

J. Irobe (Chiba Univ.) “Local probing of dynamic nuclear polarization induced by quantum Hall breakdown current
by magneto-optical Kerr effect”

K. Yagasaki (Chiba Univ.) “Transport properties of GaAs/AlGaAs quantum Hall electron system under optical
vortex irradiation”

H. Mitamura (ISSP)“Development of precise magnetoresistance measurement technique in pulsed high magnetic
fields in HLD, HZDR”

S. Noguchi (Osaka Pref. Univ.) “560 T pulsed magnetic field goes towards the very low temperature region by the
adiabatic demagnetization”

A. Kondo (ISSP) “Development of the pressure cell with a large sample space for pulsed magnetic field”

T. Tahara (AHMF, Osaka Univ.) “Development of an apparatus under multiplied extreme conditions”

M. Tokunaga (ISSP) “Development of an insert-type imaging system combined with a pulse magnet”

A. Tkeda (ISSP, UTokyo) “Development of measurement systems for magnetostriction and x-ray diffraction at

above 100 T”
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[1] K. Okazaki et al., Science 337, 1314 (2012)

[2] K. Okazaki et al., PRL 109, 237011 (2012)

[3] K. Okazaki et al., Sci. Rep. 4, 4109 (2014)

[4] Y. Ota, K. Okazakiet al., RRB 89, 081103 (2014)

[5] T. Shimojima, K. Okazaki, and S. Shin, JPSJ 84, 072001 (2015)
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Quantum spin liquids may be considered “quantum disordered” ground states of spin systems, in which zero point
fluctuations are so strong that they prevent conventional magnetic long range order. More interestingly, quantum spin
liquids are prototypical examples of ground states with massive many-body entanglement, of a degree sufficient to
render these states distinct phases of matter. Their highly entangled nature imbues quantum spin liquids with unique
physical aspects, such as non-local excitations, topological properties, and more. I will give an overview of the different
types of quantum spin liquids, the models and theories used to describe them, and describe the current status of

experiments.
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U — R B5E4 T3, 2013 4E121E “For the theory of new topological quantum phases of electrons in condensed
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B - Bldt 3 J-— : Schottky junctions studied using Korringa-Kohn-Rostoker non-equilibrium Green’s
function method
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A scheme that combines the non-equilibrium Green's function method with the Korringa-Kohn-Rostoker (KKR)
Green's function method is proposes. The method is different from most previous attempts [1-3] in that it uses the
exact Green's function whose spectrum is not bound within a finite energy range, and hence, it provides sounder basis
for quantitative discussions than the methods using the finite basis sets do. The scheme is applied to the Schottky
junctions composed of a Al/GaN/Al trilayer.

Schottky contacts formed in metal/semiconductor junctions play an important role in semiconductor devices and
integrated circuits [4]. They have been intensively investigated for several decades not only for possible application to
electronic devices but also for gaining a fundamental understanding of the Schottky barrier formation.

Our results show that the Schottly barrier is formed between an undoped GaN and Al interface. The transport
property of this system under various finite bias voltages is calculated. It is shown that the asymmetric behavior of

electron transport against the direction of bias voltage occurs in this system, confirming the feature of rectification.
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Magnetic resonance (MR), such as nuclear magnetic resonance (NMR) and electron paramagnetic resonance (EPR),
can probe the local structure and dynamic properties of various systems, making them among the most powerful and
versatile analytical methods. However, their intrinsically low sensitivity precludes MR analyses of samples with very
small volumes; e.g., more than 1010 electron spins are typically required to observe EPR signals at room temperature.
A vast improvement in the current limits of MR will enable the imaging of structures and conformational changes of
molecules in solution at the single molecule level.

A nitrogen-vacancy (NV) center in diamond is a promising candidate for applications in room temperature magnetic
sensing with single spin sensitivity. In this presentation, we will discuss EPR spectroscopy using on NV centers in
diamond. By employing EPR and double electron-electron resonance (DEER) techniques, we investigate impurities
and coherence in diamond.1-3 We also demonstrate EPR of several electron spins using NV-based EPR spectroscopy.
Moreover, we will discuss development of a high-frequency NV-based EPR system.4 This work is supported by NSF

and the Searle Scholar program.
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The local picture of electron spin is studied in the framework of quantum electrodynamics(QED).

In the framework of QED, one of the fundamental local physical quantities is the energy-momentum tensor density,
which is derived from the general principle of relativity.

Recently, the “quantum spin vorticity theory” [1] is proposed as a consequence of the general relativistic symmetry
of the energy-momentum tensor.

The quantum spin vorticity theory can give the time evolution equations of the electronic momentum density and
the spin angular momentum density as equations which relate local mechanical physical quantities derived from the
energy-momentum tensor density.

These local images of an electronic state by the quantum spin vorticity theory can help us to understand spin

phenomena in condensed matter and molecular systems from a unified viewpoint [2,3].

[1] A. Tachibana, J. Math. Chem. 50, 669 (2012); Electronic Stress with Spin Vorticity. In Concepts and Methods in
Modern Theoretical Chemistry, S. K. Ghosh and P. K. Chattaraj. Eds., CRC Press, Florida (2013), pp. 235-251; J.
Comput. Chem. Jpn. 13, 18 (2014); Indian J. Chem. A, 53, 1031 (2014).

[2] M. Fukuda, K. Soga, M. Senami, A. Tachibana, Int. J. Quant. Chem., 116, 920 (2016).

[3] M. Fukuda, K. Ichikawa, M.Senami, A. Tachibana, AIP Advances 6, 025108 (2016).
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BE - B & 2 J— : Multiferroics by design with frustrated molecular magnets
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Geometric frustration in Mott insulators permits perturbative electron fluctuations controlled by local spin
configurations [1]. The simplest example is an equilateral triangle, “trimer”, of spins with S = 1/2, where low-energy
degrees of freedom consist of built-in magnetic and electric dipoles arising from the frustrated exchange interaction.
Such trimers, when weakly coupled, can be used to build multiferroics by design [2]. An organic molecular magnet
known as TNN [3], with three S = 1/2 nitronyl nitroxide (NN) radicals in a perfect C3 symmetric arrangement, is an
ideal building block, as was demonstrated by recent experiments on a single crystal comprising TNN and CH3CN. The
fascinating thermodynamic phase diagram of this molecular crystal, TNN- CH3CN, is in excellent agreement with our
theory, which predicts multiferroic behavior and strong magnetoelectric effects arising from an interplay between
magnetic and orbital degrees of freedom [4]. Our study thus opens up new avenues for designing multiferroic materials

using frustrated molecular magnets.
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The talk illustrates recent development of our coarse-grained (CG) molecular model using a multi-property fitting
approach. The CG model, known as the SDK CG model, is designed to reproduce experimental surface/interfacial
properties as well as distribution functions from all-atom molecular dynamics (MD) simulations. This bottom-up
approach to construct a CG model works well for lipids and surfactants self-assemblies, and has been extended to
include proteins and polymers recently. This talk will particularly focus on zwitterionic phospholipid membranes,
including vesicles. Membrane fusion and morphological changes of the lipid membranes are investigated in terms of
free energy computation. A comparison of the CG-MD results with the conventional continuum model based on the
Helfrich Hamiltonian elucidated non-trivial free energy contribution due to the conformational changes of lipids during
the membrane deformation. The effects of the lipid components on the free energy barrier will be discussed. The effects

of additives such as nanoparticles and peptides on the membrane properties will also be demonstrated.

LT 1T 3%l QO B T i T = TE RN N N



BERE : BEGRA  T A — )V I I — RS TIREST R E W Ria it ESE RO E < T U PV T YA
HIF : 2016 £ 8 H 26 H(&) Ttk AR~ 5 I
5 - O REpiAE 6 K 5 I —= (A615)

aigbill © EH 4R
g © AEBESCER R AR EBER Y SesaPh At Firt
L=

BERBEL T —y 7 DREF L TAT XX — 2 BRT R X — BB 2HIF CTH Y . BEOEVERT L
F—REAE AWV THREBEEIT) “TRAVX——_RAT 77 OPFTHEERELZ HDD EWfFES TS, BE
BHRTE LTUSHENTWD BigTes X° PbTe (34 Jt# Te 251720, Te 25 £ WEEMEIOBZFE N KD 5 TH
%, [AIL 16 fE CHIFRZ BB IAFTET D0 S 1 Te DREILHR E LTHETH Y . S &1y & LIk EM B O
FERRESIZAT O TN D,

oo IR U, B REFREG R & EROWME) G ERS R VL ~F A b NiSbS BERZ KA
%%%#:&%%%mmbkmo R TREER S Y 7 b =7 %y r— OpenMX[2], T v & 07 —HEHICHES
< LR Y —/L QTWARE([3] 4 WV 236/ 22 B REE QT 225 NiSbS W IR F DI E TR T v v
NV EDEER v v THETH D Z L LN Lz, KEHTIIINDDOFFMICOWTRERT H L L biz, F—RE
TARBEF B A OB U EHEEM B O~ T ) T AT VA O THRENT 5 [4],

[1] M. Miyata, T. Ozaki, S. Nishino, and M. Koyano, (submitted to J. J. Appl. Phys.).
[2] T. Ozaki, Phys. Rev. B 67, 155108 (2003).

[3] http://www.rs.tus.ac.jp/takahiro/QTWare.html.

[4] M. Miyata, T. Ozaki, and M. Koyano, (submitted to J. Electron. Mater.).

B : #5112 J— : Electromagnetic response of noncollinear antiferromagnets
HEF : 2016 4E 8 H 31 HOK)  “Fiij 11 Bg~7F#% O Bf
S TR ARE 6 B S5 I —% (A615)
#f : Dr. Hua Chen
g : TR AREF AT 1 UK
D=

In spite of rich properties and significant academic interest, antiferromagnets have always been overshadowed by
ferromagnets in real-life applications based on magnetism, including spintronics. This is primarily due to the fact that
antiferromagnet order parameter couples weakly to external magnetic field and has therefore been difficult to
manipulate. In this talk I will discuss a number of recent theoretical and experimental developments that counter this
conventional wisdom in a class of antiferromagnets with stable noncollinear magnetic order. As an introduction I will
talk about the surprising discovery of the anomalous Hall effect (AHE), the generation of a voltage perpendicular to
current in the absence of a magnetic field, in noncollinear antiferromagnets. In these materials the AHE can be used
as an efficient probe to determine the global orientation of the noncollinear antiferromagnetic order. I will then discuss
the coupling between the noncollinear order parameter and external electric and magnetic fields. Electric fields or
currents can change the magnetization direction and induce collective dynamics through current- or electric-field-
induced spin-orbit torques. I will show through both toy model and first principles calculations that the spin-orbit
torque is nonzero in a prototypical noncollinear antiferromagnet, MnsSn, in spite of its global inversion symmetry. As
for external magnetic fields, although their direct coupling with noncollinear spin magnetization is rather weak, I will

show that there is a large orbital moment in these noncollinear antiferromagnets. Coupling between the external
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magnetic field and the orbital moment can lead to a torque on the noncollinear order parameter through a response

function that can be viewed as dual to the current-induced torque.

B )Y A3 — : Cryogenic variable temperature SP-STM study of perovskite-clad FeAs
monolayers

HIEF : 2016 4E 8 H 31 HOK) Fi& 4 li~"Fi& 5 K
S - TEER AR 6 B S5 5 I —% (A615)
%l : Prof. Jhinhwan Lee
g : Department of Physics, KAIST, Korea
e
I. Plaquette antiferromagnetic order coexisting with iron superconductivity

The symmetry requirement and the origin of magnetic orders coexisting with superconductivity have been strongly
debated issues of iron-based superconductors (FeSCs). Observation of Cs4-symmetric antiferromagnetism in violation
of the inter-band nesting condition of spin-density waves in superconducting ground state will require significant
change in our understanding of the mechanism of FeSC. The superconducting material Sr2VO3sFeAs, a bulk version of
monolayer FeSC in contact with a perovskite layer with its magnetism (T~ ~ 50 K) and superconductivity (Tc ~ 37 K)
coexisting at parent state, has no reported structural orthorhombic distortion and thus makes a perfect system to look
for theoretically expected Cis magnetisms. Based on variable temperature spin-polarized scanning tunneling
microscopy (SPSTM) with newly discovered imaging mechanism that removes the static surface reconstruction (SR)
pattern by fluctuating it rapidly with spin-polarized tunneling current, we could visualize underlying Cs symmetric
(2x2) magnetic domains and its phase domain walls coexisting with superconductivity. We find that this magnetic
order is perfectly consistent with the plaquette antiferromagnetic order in tetragonal Fe spin lattice expected from
theories based on the Heisenberg exchange interaction of local Fe moments and the quantum order by disorder. The
inconsistency of its modulation @ vectors from the nesting condition also implies that the nesting-based C2 symmetric
magnetism is not a unique prerequisite of high-Tc FeSC. Furthermore, the plaquette antiferromagnetic domain wall
dynamics under the influence of small spin torque effect of spin-polarized tunneling current are shown to be consistent
with theoretical simulation based on the extended Landau-Lifshitz-Gilbert equation. (ArXiv:1608.00884, under review
in Nat. Mat.)

II. Enhancement of superconductivity by interfacial phonons

The physics at the interface between monolayer iron-based superconductor (FeSC) and perovskite substrate has
received considerable attention due to the unusually high Tc of ~100 K found recently in monolayer FeSe on
SrTiOs substrate. It has been suggested that forward-scattering interfacial phonons coupled with the Fe-layer
electrons can enhance superconductivity from almost any kind of pre-existing electron-based pairing, initiating the
quest for perovskite-clad FeSC monolayer and its bulk heterostructure with higher coupling efficiency with interfacial
phonons. Here we report a spectroscopic imaging scanning tunneling microscopy (SI-STM) study on a parent-
compound superconductor SraVOsFeAs, the only currently known self-assembled bulk example of FeSC monolayers
on perovskite layers with substantially high Tc ~ 37 K. It shows clear signatures of forward-scattering phonons with
unprecedentedly strong coupling close to 1 probably due to doubled interfaces per FeSC monolayer. Our masked
quasiparticle interference (QPI) analysis based on the superconducting gap map and the V-Fe hybridization strength
map shows clear positive correlations between all pairs, which is the hallmark of pairing enhancement due to electron-

phonon coupling with interfacial phonons. With the possibility of massive number of parallel superconducting layers
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and the stronger electron-phonon coupling achieved, perovskite-clad FeSC monolayers may become a building block of

the next generation Fe-based high-Tc superconductors with significantly enhanced Tc and current carrying capacity.

(ArXiv:1608.00886, under review in Nat.)
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10:00-11:00
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E# : Orbital moments and current-induced magnetization dynamics in noncollinear antiferromagnets
e

Now that the anomalous Hall effect is established as a convenient order parameter probe in a class of
noncollinear antiferromagnets, it is timely to examine effects that can be used for order parameter manipulation.
In this talk I will discuss some of our recent theoretical results on the coupling between the noncollinear
magnetic order parameter and external electric and magnetic fields. First I will briefly explain the physics of
orbital magnetic moments which arise from the coupling between magnetic fields and the orbital motion of
electrons. A nonzero orbital moment is present in all ferromagnets, but is usually much smaller than the total
spin moments. In noncollinear antiferromagnets like Mn3Ir or Mn3Sn, which have an anomalous Hall effect,
sizable orbital moments exist while the total spin moment nearly vanishes. This orbital moment can be used to
manipulate the order parameter using magnetic fields. Separately, in certain noncollinear antiferromagnets with
broken atomic-site-inversion symmetry, a nonzero site-dependent spin polarization can be induced by external
electric fields or currents, which can exert a torque on the local spin moments and can potentially change the

direction of the noncollinear magnetic order parameter or induce its nontrivial dynamics.

11:00-12:00
Al PR KRR GRAERZAERE AR
1 © Spin-electromagnetic responses in topological matters
%5

The electrical control of spin magnetization aims to be used in next-generation magnetic devices, allowing
information to be written electronically. Recently, spintronics phenomena in topological materials have been
drawn interests for achieving novel electrical manipulation of the magnetization, and generation of spin
currents. In this presentation we discuss theoretical proposals of spintronics phenomena in topological
insulators and magnetic Weyl semimetals.

In the first part of the talk, spin-electricity conversion at the interface between a ferromag-netic material and
a topological insulator[1] is discussed. Injected spins by spin pumping are converted into a charge current due
to spin-momentum locking on the surface state. We for-mulate a theoretical model for spin dynamics and the
spin-electricity conversion effect on the topological surface. The dumping constant is expressed in terms of the
conductivity of the surface Dirac fermions. The electrically induced spin current is calculated using the perturba-
tion theory.

In the second part, we discuss spintronics phenomena in magnetic Weyl semimetals. A Weyl semimetal is a
new type of topologically protected gapless quantum state, with either time-reversal or spatial inversion
symmetries broken in three dimensions. Weyl semimetals with broken time-reversal symmetry are more

interesting and rewarding for spintronics applications. We derive an effective free energy functional of
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magnetization which describes low energy excitations and magnetic textures[2]. We also demonstrate that Weyl
electrons in a magnetically doped Weyl semimetal exert a spin torque on the local magnetization, without a
flowing current, when the chemical potential is modulated in a magnetic field. The spin torque is proportional
to the anomalous Hall conductivity, and its effective field strength may overcome the Zeeman field. Using this
effect, the direc-tion of the local magnetization is switched by gate control in a thin film. We also discuss

dynamics of local magnetization by solving the Landau-Lifshitz-Gilbert equation.

[1] Y. Shiomi, K. Nomura, Y. Kajiwara, K. Eto, M. Novak, K. Segawa, Y. Ando, E. Saitoh, Phys. Rev. Lett. 113,
196601 (2014).

[2] K. Nomura and D. Kurebayashi, Phys. Rev. Lett. 115, 127201 (2015).

[3] D. Kurebayashi and K. Nomura, arXiv:1604.03326.

13:30-14:30
i%fl : Lucile Savary (RYFa—tv YV ITEKP)
B/ : Disorder-induced entanglement in spin ice pyrochlores
%5

I will discuss a proposal according to which, in a certain class of magnetic materials, known as non-Kramers
'spin ice," disorder induces quantum entanglement. Instead of driving glassy behavior, disorder provokes
quantum superpositions of spins throughout the system, and engenders an associated emergent gauge structure
and set of fractional excitations. More precisely, disorder transforms a classical phase governed by a large
entropy, classical spin ice, into a quantum spin liquid governed by entanglement. As the degree of disorder is
increased, the system transitions between (i) a "regular" Coulombic spin liquid, (ii) a phase known as "Mott
glass," which contains rare gapless regions in real space, but whose behavior on long length scales is only
modified quantitatively, and (iii) a true glassy phase for random distributions with large width or large mean
amplitude. These results may be applicable to Pr2Zr207, in which random crystal field splittings have already

been observed, and to classical spin ices, such as Ho2Ti207, upon chemical doping.

B . 7 )Y L2 A3 F—  Nanogap-Enhanced Raman Scattering (NERS)
HI : 2016 4F 9 A 7 HOK) “F#%& 1 K 30 50~
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#ffl : Prof. Yung Doug SUH
k& : Korea Research Institute of Chemical Technology (KRICT) and SungKyunKwan University
HE

Started from the simple wet-chemical nanogap generation induced by Coulomb aggregation among colloidal
nanoparticles in aqueous solution after adding salt onto it shown independently by S. Nie and K. Kneipp in 1997,
nanogap engineering to enhance Raman scattering signal to achieve single molecule sensitivity is getting more
sophisticated. In this talk, single molecule Surface-Enhanced Raman Scattering (smSERS) field formed since 1997
will be briefly reviewed and then different types of nanogap engineering strategy for smSERS developed in my lab will
be discussed: single-junction 0-D external nanogap between two spherical nanoparticles connected with a double helix
DNA (Nature Materials 2010), multi-junction 3-D spherical nanogap internally formed between spherical gold core
nanoparticle and spherical gold shell nanoparticle connected by multiple single helix DNAs (Nature Nanotech. 2011),

and 2-D nanogap arrays formed on a 4-inch polymer wafer by simple two-step process. Several reasons will be
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discussed why now SERS regime and NERS (Nanogap-enhanced Raman Scattering) regime should be separated on
the enhancement factor (EF) distribution histogram. Recent result including direct near-field visualization of the
nanogap field of the 2-D nanogap array, single molecule behavior of cytochrome C protein's Raman signal, and ultra-
uniform distribution of SERS enhancement factor (EF) of benzene thiol molecule dispersed on this plasmonic 2-D

nanogap array wafer will be presented.

List of Publications Related to this Presentation

1. D. Lim, K.-S. Jeon, H.M. Kim, J.-M. Nam, and Y.D. Suh, Nature Materials 9, 60 (2010)

2. D. Lim, K.-S. Jeon, J . H. Hwang, H.Y. Kim, S.H. Kwon, Y.D. Suh, and J.-M. Nam, Nature Nanotechnology 6, 452
(2011)

3. H. Lee, J.-H. Lee, S.M. Jin, Y.D. Suh, and J.M. Nam, Nano Letters, 13, 6113 (2013)
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Confining magnetic properties to two dimensions offers tremendous potential for the discovery of new properties.
One intriguing possibility is creating a spin liquid whereby an infinitely degenerate magnetic ground state enables the
realization of new quasiparticles.

Synthetic inorganic chemistry is the ideal vector by which to design spin liquids. Specifically we are targeting two
dimensional kagome lattices, a structure predicted to house spin liquids. Danna Freedman will present prior results
on the known spin liquid herbertsmithite, and Dave Harris will present a synthetic vision and progress towards the

realization of a hybrid metal-organic spin liquid.
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B - BlER 7 4 — <23 J— ! Field theory for symmetry protected topological properties of AKLT-
type VBS states
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Mapping from quantum antiferromagnets to a semiclassical field theory such as nonlinear sigma models with
topological terms has contributed insights into the nontrivial behavior of quantum fluctuations since the work by
Haldane in 1980's. Recently, another aspect of AKLT states is focused, i.e., short-range entangled state protected by
some symmetry. We explain how such symmetry protected topological (SPT) properties in AKLT-type VBS states are
described using an effective field theory in spatial dimensions one through three.

Starting from the well-understood case of one-dimensional antiferromagnets and thereby establishing its validity,
we proceed to the two-dimensional square lattice. Through a path integral representation of the ground state wave
functional,we conclude that the ground state is an SPT state for the spin quantum number equal to two times odd
integer while it is topologically trivial for two times even integer.

We also show that this representation of the ground state wave functional is closely related with the strange
correlator,which is proposed as an indicator of SPT phase. Finally, we discuss generalization of the preceding approach

to the case of a cubic lattice.

B Mk 2 J—  Emergence of negative capacitance in multi-domain ferroelectric thin film
capacitors under bias
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In recent years, several experimental works have shown that “negative capacitance” can be attained in a ferroelectric
thin film placed in series with a paraelectric [1]. To explain this, they claim that the negative capacitance is realized
by suppression of spontaneous polarization in the ferroelectric due to the depolarizing effect coming from the
paralectric film. However, such explanation has been criticized due to the fact that any such depolarizing effects are

usually cancelled in ferroelectric materials through the formation of polarization domains.

In this talk, I will try to present a more convincing explanation of the mechanism for negative capacitance based on
first-principles simulation results of a multidomain ferroelectric-paraelectric bilayer capacitor under bias voltage [2].
The finite-voltage simulations are performed using the orbital-separation approach [3] within the Kohn-Sham
formalism of density functional theory. We show that domains evolve in an antiferroelectric-like way, and that negative

capacitance can emerge as a result of monodomain formation under bias.

Reference:

[1] G. Catalan, D. Jiménez, A. Gruverman, Nature Mater. 14, 137 (2015).

[2] S. Kasamatsu, S. Watanabe, C. S. Hwang, and S. Han, Adv. Mater. 28, 335 (2016).

[3] S. Kasamatsu, S. Watanabe, and S. Han, Phys. Rev. B 84, 085120 (2011); Phys. Rev. B 92, 115124 (2015).
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