SUSSEIKE
AYORI G

TLFROEIRMIRFEARL L ZINE DR I BT
XIREHBEFL —Y—IC L 2ETAKRAEE

EiIE TP CEVWEFERER
VTR D% FR BB TR RE 7= 12 B

EFMRTIOBEULORIRABHNRZ =R THRIR
~HTUWRABEH, RIFAEBANDIGHNIR~

DOXBFICE T EREVER—)LEHE
a-ZrCI3IC & 1T 2 EIFESUME) XTI & EF A VEBERE

BFEEAMIEE LU EERICEWTEIRLUE
y FHEEEEBINAE

E-Er (V)

meiky VMRS

THE INSTITUTE FOR SOLID STATE PHYSICS

THE UNIVERSITY OF TOKYO
Copyright ©2018 Institute for Solid State Physics, The University of Tokyo. All rights Reserved.
ISSN 0385-9843




I'(K)

£4=

2019% 1R

i

P (mW)

60.2

60.0

59.8

59.6 J

contents

TTRBEIRM G IR R LB DR IR

XEBEEFL—T—Ic L 2ERERE HE B AR

MEEP TEVWEFERR | ARIGBRA OIS HEFINREZ 7
1 BEL S8 VK B

EF3RT 10 FUELOMTABNRZ Zin TRE

~H LOAELHR RIERENDICANF~ EF A it A0

10

AIARFICBITBRAEVBR— VIR WF & IE EE

13

a-ZrCls IZH 1S B EIFE SU(4) RFRE L BF A E VR \LE 272

15

BEFLEALEE LIBBEICEBVWTRE LIFREFLERIRE B ==

18

NTOT7RF—EEZTELT #il EER

20

T30 FE WMERS—ARARADRE B &=

lemperature

Semimetal

0

Semiconductor

Ea

25
28

31
32

43
45

49

(ISSP7—923v 7]
ONREVHEEESEERICEIT BT 1 T AOHERIHRE
O% 63 M EFEDFRBARRE  ful XiE

(W ERRRPAGER]
(€7l e Ay |
(=1 —X]
OANEEH
ORRAFIMEMERFRERERFICOWVT
(ZDAt]
Ok VB 58 EAR (B 15~%45)
fmEERED



TLHRIER NS IEBIE I A0 35 DB k)
XARETHE T L ——1C & B B

1. FE®I

RO L—YP—HPEBARIC LY . ZILE TITRVETIG
ENISESERPECBBISNTND, L—V—BRFTIT
FrioEM RN RIEE LSERLTRBY, X fAML—
P — 5% SPring-8 Angstrom Compact Free Electron
Laser (SACLA)7¢ & Tk X #f~X #reaigk o Yo Fl i ¢ &
Do ZOWREBIIME 2K T 2R ONERE DT X
N HEAITARY L TR Y . RIS G TIT I E O Wb &
MEXN D, T OISR A D & o FR ANt 32
BRA RN D Z &N TE XARRINMRIA I, TR X ARk
AR S0 M X MR IBGEL 72 & D FBREIX v T E R
FORBIZKE HML TS,

— . b= =2 WD L EME ORI TRR b
BNTE, WEHTORRRBRFCWE R e L 1RO
FERCIIELZLDTE R TEFERETHZ L0
TED, L LEBEOBLITEIHEDILTN D AR OW
REBITELEFH~TIMRTH D, £D7D, SHITH
W R T DI A R ORI L IR TH -
7oo XMEBES L —F—I3KME L BE SV AEH L
TEY ., SLITWERImZE DT F =D 2
BTED, ZODANIEE VLR, B1 DX S eoc#k
BRIRA 72 IR FORES IR T & RS FRIED
TR SR S AR O T @RI TR WRETH D,

2. ERERLER

Foxid, X L —— % AW TOREN 7 IERIE 20
RTHDHE 2 WEREREIZOWTRGE LT, FEBRIX
SACLA fiis% D#k X # H & L — ¥ —(SXFEL) ' — A T
A4 > BL1 TiTo7z, SBHIKERRIFRIED AL GaFeOs
FEmE W2, K2 DX DI AF L RE w ) 12X
255 2 EFE (2 0 ) D30 — 3 BRI (P 3HE
EIEEANY RO R —2E) ITH S D, JLiEzh R
T 2 IRE AN I8 4 (Second Harmonic Generation, SHG)
DEREI D Z BN END,

K 3A)FTE—LT A ECHEY AT AOEKKTH
%o WERIISIFELE Z & 0 3B b ORITs ets 4@
LCvA 7 uaFyv 27— FMCP)THRILENS,

I PEMEXDE S8 BFE 45

WMERFFERT  E Bk, R AM
KD & 512 MCP OAEIZE » T, AN (0) &8 2 K&
T (20) OIRE 1, & T2, % KB L TRIE L7z, X 3(B)IX
GaFeOs#dh D Fe 3p WINAXZ FATHY, ZhiZ kD
L Fe 3p OWIUHITNET RNV F—55 eV (HTlcH D DT
SXFEL OYTRk N F—% ZOHICRET D, ARKO
TRV F—%how =275eV & LT, ASBRE Loicx LT,
I, & L2278y b35LK30C)EDDOLITHRY, I,
T DD o, CIEIERRIKIFER R DN D, 2K
i & VARV RV F— (2 hw = 53 eV, hw = 26.5¢€V)
T, Lo, OMEFKRIEIS/NE L 25, BP0 MAHT 15
WCHABTZ2EBTT v T 0 7 LT, I, TIEHE
Bt B=1.0(hw =275eV) THDHDIZXK LT, T2, TiX
B=1.8 (2hw =55eV), B= 2.0 (2hw =57¢V), B= 2.0
(2hw =59 eV) L7220 | K X BREAILTD GaFeOs flifhi b
» SHG ot BT %,

, O atom

Ga atom

B1  GaFeOsfdtlZ 31T 28k X M AR OB, AS
L7t (BREE : o) 12X LT, ZDF 2 IREFRHE O IE(20) A3 K
3% Fe Ji ORI THER L THRAET (1],

In> ——— Unoccupied
band

|n5>wmmm 2m

lg> ————Fe 3p

X2 GaFeOs f&ihd SHG RAEICBI A RN —F AT 75
Ly TITZ7 7y hdD g n', & n ITTNERIEERAE, PR
e, FhERRE SRS T B [1].



(A)

Microbunching - Slit

l, Monitor  Focusing Mirrors 2w

Electron Free Electron Laser

Bunch (SACLA BL1) MCPO
. . <
fQ T .{ _EQ T T T T
- £ | E A E E
2 5the=275evs” 13 12 ohw=s5ev 451 312 onw=53ev B
5 0 ’ o i o
3 -‘é‘4 - V 4 1& =
g 33 '/ ‘;08 10.8-
= Fe3p |€7] P 1= -
g S2r 4 18 0.4} 0.4
5 =1t £ 15 Dyl &
E - ol © 1€ ool el g "
54 56 58 0 5 10 15 20 = 5 10 15 20 = 5 10 15 20
Energy (eV) lo (uJ) lo (WJ) lo (ud)

K3 (A) SACLA T L7k X #HHE T L —F—IC X2 FEROER T, 3B O S LT E AR (0) &5 2 KRimill
B (2w) Z [BIHTHE - CTH LT L7z ASDEIREE o)t U CT(C) DAAIE IR EE L)1 ZELf] L 7= (BR) 23, (D)DEH 2 K&
T (20)lF 2 HIHR & 72> 72 GERIE) . 15 5132D)D & 51 Fe st ONFRINHD 55eV THFICHRI S, £ Ihbb

AT 53 eV TIXE)D & 9125 B8 FE 23 i 2w L7z (1],

Z D GaFeOs ftifh D SHG A Z RIZONTETT)
FRREAFER L A, ERHEREHET L LN TE
72[1]le —FH T, T X RO 2 RE R REAICIT IS
RN DR T OWNGRETIRIEL 2) 831 MY L
TR T O BB O, 2 ETHNTWDHZ & B
NI ot K 4EZDOHE/RO 1HT, OICEDORE
TARINTBY, 2084 0 RERBEDT R LX—
YENLICHYS 4%, £ LT, Fe 3p MU= R /L —

1 |
7_
. 6F
£ ()
T 5l | ) =—
= n>
2 4r o
s
gy O |IM>al
% 2} |lg>
1k
1

46 48 50 52 54 56 58 60
Generated photon energy (eV)

K4 SHG JEMPEZ RO BAEFREOMKRE], RED
(1)GaFeOs fEfHDFE B TH %, Fe 3p WikEFIREE( N2 THE
FIFRA OB OPEN v RIBICEHES T 52 & T 2 EICHkES)
RBNNTZZ LR Grhr o, HRHEL@) n RO =1L ¥ —{7E
DEARGNCIR O D X 5 E03LE L RORER Th 5,

(55eV) THEDHRMN AL 525, PRHRIRIED n” IRGE
BE)D XD ITH & 9 ENIyOALEIZ B D & WU T O
RIFHEWNZ 2 D, 2O &9 REHRIIVERMEHE TR EET
ot AkaiKKR EIC Ko TEEMES BT —2 %
BETLZLENTE,

3. FLOLFREE

ARG TS s e R DR 7= 75 & % FF> GaFeOs
fhamloxt LR XA E BT L — P — AW 7B 52
BREAT/R o7, TORER, A L2 GRE o) Icxh LT
%2 WEFHH (20) #8BUI L, & 512 GaFeOs fifiih & 1k
32 Fe il F-ONBILBI I E 2 &t 5 L IEHRIE 2 SHG
BT 2 2 L bR S L,

2D XS R IR R, e R 3 A 7 R
RTHBHESNDTTTh D, EBE. Hx OmLDFEEKL
[l U4EIC, 4 # U 7 O XFEL fiiz% FERMIQELETTRA (Z
BWC, 79774 FRED DO X # SHG 23S S 4,
E BIZRFBWIUH TR BREN KT D Z EAWESh
(2], 2505 SHG 1ZocH BN IERIE 0 oA A — 2 v 77
EL Bl E R T o —7 L LT, SHBEx i B O IERT
JUCEHBRT B Z R SN B,

MEHENEL O SS BE4 2



BIFE

ABFFEIL ESLAFTEBR FEIE N B A HAN IR B TX R E
A L — Y i RIS S &AM EEA
Ok 5 TREd S TRk o T353R TF
Mg DT ENTEELE,

B 3R

[1] Sh. Yamamoto, T. Omi, H. Akai, Y. Kubota, Y.
Takahashi, Y. Suzuki, Y. Hirata, K. Yamamoto, R.
Yukawa, K Horiba, H. Yumoto, T. Koyama, H. Ohashi,
S. Owada, K. Tono, M. Yabashi, E. Shigemasa, S.
Yamamoto, M. Kotsugi, H. Wadati, H. Kumigashira,
T. Arima, S. Shin, and I. Matsuda, Phys. Rev. Lett.
120, 223902 (2018).

[2] R. K. Lam, S. L. Raj, T. A. Pascal, C. D. Pemmaraju,
L. Foglia, A. Simoncig, N. Fabris, P. Miotti, C. J. Hull,
A. M. Rizzuto, J.W. Smith, R. Mincigrucci, C.
Masciovecchio, A. Gessini, E. Allaria, G. De Ninno, B.
Diviacco, E. Roussel, S. Spampinati, G. Penco, S. Di
Mitri, M. Trovo, M. Danailov, S. T. Christensen, D.
Sokaras, T.-C. Weng, M. Coreno, L. Poletto, W. S.
Drisdell, D. Prendergast, L. Giannessi, E. Principi, D.
Nordlund, R. J. Saykally, C. P. Schwartz, Phys. Rev.
Lett. 120, 023901 (2018).

3 EBIZELDE SS B AE  rrceressseesssssessesessse s s s sae e sass e snssnssnennens



SR CTHWE T2

TIREZ R

bt IR (B SRR I S AR

[BR] 2hETHBITHTEREBORTHY, Z0
PO T DRk % e E B RS & LTI Tl T D
[EVWETER] X, %®i9&m%%%®ﬁﬂf%é%
RETRIRIC L > CERBEFOANEENKE ot
ZTHY, CeX°Yb, URDA AR LEME H.OIC
RREIZDE> TIHERMTDbIL TS, T b DOWETIX
af, 5f B WEMEAH D,  PUEDRIEME, RV B UL
HEHEMER., RS Ricnz <, LvEENLs, p,dE
T L OLEMEEATH DIEFEHRN. ZHRET - HRIRE
RT3, BT HRFCRTERMZES, =% F v
RBEEORBN S  OFRF OB EZED, BIELEA
R T T D

T2 2 &3 T HIRZRY

LR DS

HE RS, B R, MR S
ZDOKDREHRET - MKKEOPIC, (KR TR
LB Z 5, RS U < (T8RRI h 5 B
WETEBMMFET D, 22T, MO RN R
F—F v v TERIZBER L TWD EEX LN TWAR, 7t
M7 AT = X BEA WS 0N o T, il TRk
HEARIR DR 4 BIRKEN N A v ¥ 7 AR & DB Tk
HINLTWA[1], ZZTiE, 27 oREBIZHIEA B2
EREIN L S, 8 ITHIZRUERL T DIFTED B
BIRH TR IS D7 & EHEERIKOE TIRIBOBRIZ
IEHOKREREADEE > TND[2],
TR IR D B IR RE & B 5 TN D2 R %
Yo EOBRMIL, BEGEAUTHER)

T

Heat Pulse
I = Temperature

3.0+

(@)

< 2
- N
[ 1 | |
— r o 60.6 -
Heat Pulse
= Temperature
= Magnetic Field (b) |
60.4 -
< 60.2 -
[ o @
60.0 <
59.8 4
59.6 J

Time (ms)

19

20«,.;,

1. (B rHAH TOE LR & ZHUC L HRBHEE OZ b 2R OB Cc T a v b Lz, AT 1 2O LRI L 538

OIE LS, (b) K160T TOE LA LZICE DEREE DL LE, M5OI &3
1 DOV AL L HFEOIRE EF-, W5 TIXFREDAT 2155 7201

L RE OB TREL Lo TWNDZ N0,

e OBkt ey b L7z, AT X
10 ERREOBENVNIECTH D Z LIZHERT D

M EXVE 8 BE4S 4



RERETHNIH TE 5720 Th 5, IEREIRET
X, EEETEM L RTE f BIRAE Y Ly NIREE
BT 20, +aIROBEE T TIE R ) Ly M Lok
SARTBDY L0 Z2E L 72 0 RN D N e < 72 % LHIFF &
N5, EE MR ZOEFERAED 1 > THD YbBiz T
1T, 9 50 T OB THERRIRIREE S N TRBLE Z 2
7% BRI RP RIS TVB[E], LinLenb,
Z ORI A RIRIENS 72 U CUrERh RN B 7@ i 4
BZ2DD FiziL, TR OEZ S TmEWE @B DO
X, AR TH DI 0b P, BEEHE AR
DIERD 30 FFIZDOT= W AP Th -7, TOEMBIL, 50 T
DE WA TR A ATRE R Ch ooz, BFET 5
TEDDOEBRPARARE TH 122D Th D, AEl. KL wEe
& 7p o TSV ZBRRES T O LEEMANE BN & 0 B Z & T
YbBi: OREGFHRERMES [EVETER ThdrIlxr
B 5N 5 2 LIk L= [4],

[EBRIFIE] HBRI3 L RIE 35 ms DI D /L 2

WA & 2, BRRENE At =80 ps DE L AAP[mW] T4
U 2 3UE ORI EHAT[K] % 400 pus %ICFHHIT 2 Z & T,
e OB OBA R (AP XAL)/AT 23R D Z LN TE 5,
X 1i2id, Puise 60.1 - 60.4 T TORIGERE %M
OB TR L Th B [4], WG L ATH LT CHERBRT
52 LT, WEROSOEEE 1% FTREICT S Z
LRARE T D, BT ML HLRE & 00 [001] F 1A AT T
H5,

D& A OBIE 135Gl £ TRATRETH o 7203,
b — & — IR EF OW AL 2R & ORI AT A DRI
Ko THEBLEBlL, I UBEKO LV ARES T TO
Bz I BAEDN TN D X 912725722 L1,
ARG EHIEIR O KR & 238D 1 > Th D,

S IIRAYaYI%

80 T T T T LR T T
() s
i 3 T T é .
O 80 - : n ]
X = i 1
5 | £ 4 A '
£ 40r B4t e ]
g [=ph * &
s + Ot 1 - [
- 0 20 40 60 -
>~20_ B (M)
O_ =
< ° A
Q 6f .
2
N
o 4r .
Q -
5 2
8 2F _
0 1 1 1 L 1

B(T)

2. (a) C =yT + pT3 & IV THRERHE RD 515 b Tz YbBie OFE AR Ey OV, FRABRNE, FERIC L TR 7Bk
BHRAFE, (o) EEEAIIE & 1 3ANSTITHE L 72 YoBre BBV R OFE R, ASHUE[001)F7 MBS & 23T 72 & & OSSR T,

5 DX VESBE4 S



[EBRHRER] % 7eish, MR I\ TRl A
CE#MPEL, C=yT+pT3ORIEDHET HLEMRE Yy & B H
L., BGoMEE LTTry FLZOMK 2() TH 5[4,
A vy MTIIBOBGIRIFE bR LTz, BT ARy 2
47T OEHESBES AL TAMICKE LR,
60 T Tl 67 md/(mol K)ITELTWAHZ ENbnd, %
AU D & BOREGRAFIEIT/ N E WY,

K 20TV R B B 2N, VARG T ORENO
BEZN 7R 2R L TW5, RS TIicksW T,
SRICEDBEFROTY FrE— DR EZ{lo B B EIC
FoTHELTROZY hat—2{bxEalld 5729,
HEEBICB O CREOEEN TR MLERH 5, T,
2 K TCOMSEHEMToO brbt—nN, YulghTto
TK]TOZY ha =% L EBL &, YOG R
noH, T=77KEREHEIND, Ziud, X 2(b) THIHIR
7R OWET, MBI 22 K ETIRENTRD Z &
EERMICBW—EE R,

5572 67 md/(mol K2)iTil i &1z < A~ THHEKR
L, yDBERL T OFNEBICHHITH Z £ 2D, YbBie
D HECBHNENE TSR ThH D Z & BERNIZGE
BHEhiz, &b, =2 hu b —yTkAs, 4f BAOIEEIR
RETsDHEIESL 4 7°5 Rlnd (R IFRMEEER) EZE L EB<
&, UDBEEEE Trix 172K &7 5, BT ClI¥ ki<
DIHFARAE DT, 7 & TeASIRRLT D 723D, FEFECIRAE DA IRSL
WK 8 ETREL Y, ZDEE TkiT 252 K EEHT
& %, YbBiz O BAHILTK ~ 200 KO HEZHY &V
TERREZ L2 L E XD, 2 OfEIE YbBie O{KIEHMfaIA
WHETO Tk ERRETHY, F72, YbAgCus <> YbAIB,
7o O VMIBERE 2 R TEVWETEE L BFEIL H5WT
5T LITHREY,

[ & LRBE] DGR YoBie OB AL A BN
BEVETEBTHDLI L% 60T O/ UV AR ELEIE
ICE o> THLMZ LIz, Z OB IE 200 K L O
THRREZ S, MUVMIEREIEIRIC S 5, TEDR TR
WIREECTH =R X=X v v THHEKTHZ b, 5
BRI, o-f BEX v v 7R E—~v U RICE T
PAC 2EFIRBEDZBMITER T 2 L EZXDDNRHED LS
Wb D, o, MEORE EHIZ LR, 3EAED
BWETFSBC2RELTT Y 1LY U, BGFHEe
AT 50 FREE LMD TRERELTRT I LR ST
D, ZOFRRREEL | MBS TV D BTHRE

BYDRIR T o % U T & OBTH SRR, £ ORI
LB OBEE N D, K5I, MOER) S . YbBis O
FRRNIIT L 0 BRBES 0> 100 T FLEE THIH Sd, EHOVVEFH
HH OEF~LILT D 2 L BRI DR ST
WA[6, A%, 100T %8 2 2 B HEE T OB E R
BAFICRB W T LN D EHIFETE D,

[BHEE] AWrgeid, Oviscl GRIOR, %) . MFBEE
(VERIE, Bh#0) . JriSeak CowEnr, Bh#0 . il —
(WtEbE, Bd2) B EDLRIETH Y . ZOHEED £
LT, BEHE LS9, FRICOVE) D 13T R O B 2 fi
FLTIHE, FREORmOERSWEEICARY L,

1] M. Dezero et al., Phys. Rev. Lett. 104, 106408 (2010).

2] Z. Xiang et al., Science 362, 65 (2018).

3] K. Sugiyama, et al., J. Phys. Soc. Jpn. 57, 3946 (1988).

4] T. T. Terashima et al., Phys. Rev. Lett. 120, 257206
(2018).

[5] Y. Kohama, et al., Meas. Sci. Technol. 24, 115005
(2013).

[6] T. T. Terashima et al., J. Phys. Soc. Jpn. 86, 054710

(2017).

(1]
(2]
(3]
(4]

PMEMEXDE S BFE 45 6



B RIR T 10 524 EOSKREAENIR 2 Sl THE

~BUWEEZS R, BB

BFYHEMEIN—T

(1) IXLoic

WA, WEHRO MR a =N B AR R R A R T
ZENHERS IR TWET, bR B U—2iF KT B<
AT —I A NRF SN DHEER (HEHEER L) O hRn
DV BT RV RRe MR U vkl SicfRE SR
LW (BT O R o= ERH Y £, Th
DI MR Y —%pke LIRERPMEZRL, MRAE
U Z RO RMART S 2T N5 W R A2 O TV E
T FRC, MRBFICL VHHROBIT 2T 4 T v 7 a—
V(=UANR) BFREOU A NMEMRIL, VAV REY O
ERZe~_Y —ih I L 5 ERRIEAINE (BER—13)
o BERV A NIE, W—E S ER L, KEER
%%&)Tb\iﬁ‘[l—‘ﬂ ZTOHTH, BERVZ MR
BRICIRE T MICEET 2 L0 TRETHRINTE
7o (B—y 730 RIAT D ) BVEEAHUT 1370 D o T FFif %
Fpofe, WL RERBIENES CTh 0 B pBET A
A AZORNDAREMN B Y £97[5], LA AR Tl
faA AT — A CoeaMnGa IZBW TR A SN-E KA
BE RN A FHRIZONT TR L ET[6],

(2) WD

THSCHBHE S DB E IR, ZEROME e & FEED
SHDE, KGOth#Ee CARROBICED T, A D
DJE VITIEA REABNFIH SN TIFELTWET, Th
b OMEBERICER L TRHAT 2 2 Li3E = iba 0 I8
D=8, DWW IoT a0 A STERMER O T HIEF ICE
BWCH Y, AP THESTONTHNET, ZOHTHE
BEBRFTEHWBIEE LI D FikIL, ¥—E V7R
ERB OB 7 WD B~ NCi g, AT T
A7V = EORR AR D, #kx RIBTERHBRE 2 51
TWET, L., BEFOIERIMEERE v 5 BVEZA
FTIIREFMPREZOFMERLTHDL-D (E—
oy VMR | SCIRECHEMERRREICR Y (K 1a, o). K
(LB RIS D B o 2 MCRIEA X TV ET,
7. BEVER D BH 2L A N RIRREZED I E B
BT D20, SEEEIIAE T, TSR EICL Y
PR > T KREEORENESTT (X1 b, d), LrLZ

==
TR

7 DHEMEXVE S8 BHAS

EAN DI AN~

hEAtEE BiE EH AL Bk it A

AWETH O TV DEF RV 2 FARITIEFIT NS <,
BEISHNHIPEREITENEEZONTEE LT,

A/
M

1. TEROBELBHAN (B — v 73R, a, o) LBMEARZ AV
TR BT (B R A R, b, d) OE W

(3) MRS LRE

AHFE ClELmEES B LAY CoeMnGa (X 2a) 23, 2
BN TOAREMEL Y 10 UL ERE B RV R R
BIRAEERTRTZEEALMNILE L (X 2b), ZOfE
EERL LORR TSI HIZ LR LET (K 20), JAV R
PH%E 1 3—F 2728, Hhx RIREOBR CHREN ATRETT,
FrRE X MR EHEMEITTE TR . A,
MHEWEZ HEEN TV D T ffe 235 CRIF FTEE T,

AL CTHR AL INTERBRRE RV A MHRITT AL
JETEIN B ETHEED MR v U— EEBIZBR LTV E
T FHHHREICL-oTK 3a DLIRTANVENT =
NIEELIZHDZ NN F LT, ERBIZH, VA
WVEDFAET DR N2 E 722 T A T VB LTINS
fﬁ%&iﬁ%ﬁ?ﬁ' NELTZ, ZOXIRTIANEBNFET S L
— I BT R — VDRI RV A MIRNKEL 2D
TEPHBNTWET A, AEORRITENIZT TIEFM
TERWIEERE AR TL,

HEEITO &, BERAL A MIREERELTBICIE
TANVRZENES T D3 FORIERE b FIFFIC R E <3



(=2
(2]
®

(4]
T

B35 || [110]

Co,MnGa | # || [001]

@ER
5 || [110]
Rt || [001]]

&
T

Co,MnGa

BRERILUR MRS (LV/K)
o

BRERILUR MRS (LWVIK)
'

100 200 300 400
REE (K)

2 A 1 2 %

0
H35 (T)

2. Co:MnGa D (a) fidbiEiE, (b) 5 1L A MREDESIK
M, (0 BH RV A MR OB R

DMBERHDHI NN E L, VALRIZE TR
(TA4 Ty 7 a—rvof&Ep/ha<, BTN FHLL
BB RO—FOBRNT =)V IRy v b &EFEKR, K
3b) LN (T 4 T v a—rOEHEAREL, MEFA
VREBEANY ROW G N7 =)V IR7ry M EFR, K
3c) D 2 FENH D Z ENFMOILTVWE Lo, RigsE
DB RELRDOEIL LY ETHNLNIIIBYEDS
L& TY, X 3a D CoeMnGa DU A NITESIZZED L
RPN H Y FT, TTA VAN TR DEICK Y A
DB BT 7Yy Y BRI &N D
HETHY ., 20 Tidkkx 2B T B B &R
HZENETHENOCHL MR £ L, EEIC
CosMnGa &4 1L A MHRO TR (= BE R —n
HROFEEELSI Wz b D, BET Y IV ORERSY) IX
SR AE R L, B REE b I —&T D2 Ln3bny
F L7, ZOMIBHEMRIC X0 EET v Y VORI K X
K70, BEINVCANIERPREL LoTNDHEEZ DL
NET, ZORRLILRsmLIMEORH & L&
BT, I b REBHIRORERTT,

(4) AS®RORE
RAMABZ BLUSLIL L O L0 ) BRATR O EAR
TITONTOE L7, BEEZHEM B OEESLa 2 PO

& 0
TANE oM 0
v

3. (8)CoaMnGa DY AN, ) [BDOTANVE, (UIEDOYT
A IV,

g ERx RRER OO IR R T DT E - TOEE
P ARBFFEITEF RN A RAR L WD 2 <H LWFEIC
HOENELRAFREL 75 DT, HEE - BEM - WHAE
72 EEETFEANIC I3 A2 Do T 2 R o CVE T, T ORH
WOFHM B H S LR DRI L VR L, S -
W L2 PIC X W ERICORN D Z LR s E T, &
DEMBHER DN, ABFTETH & 0372 - To 5 x
IV A NERIE RSN REF R0 £,

FEEIZERL « RIS E - 2BECIE, KA F—exm
CUOPEBN L OREBITL B AA, BRI & O
RPRAE RO o —OERE LTRIATE S LB %
biLET, IoT th2oRPRICEL L, ERRZ XL F—
N=T 2 AT ¢ VTG EEET 5720iIch, hRERE
{YU—=FRULEMEZ M L TS MERH Y £77,

(5) &
ARFFRIFIANA Ry ITRREAL S FRTT)O
Agustinus Agung Nugrohoft, Rombang Sihombingft,
REERZFOKARE e T —/VE BYEAITERT OA H5e KRS
K, RWHER, SSREBAR, IRRBEZE, TKF04a
FHRE TR, ERAMK, AU —7 2 FRY CRE) o
Pallab Goswamift & OILFRBFFIC LV HF SRR TT,

MEHENEL O SSBH4H 8



FIARRFTEIL, B BATHR BUAHE (JST) Hm ) Al A T2 HE
HFE F— LRFZE(CREST) M=/ —ZFH L
ToHFTH) IR SRR IS BN ORI ) AFFEHEIR (TR « &
A, BFSEEIREG © BKOK)ATE) IR AIFERRE [ b A
0y ANIRETHE R R LI B =L —n— T
AT ¢ 7 OIEMERANAIR) SREE S JPMJICR15Q5 (W
JEREE - k) W N SRR EE BHEAr SRR A B &
FrphieE I (PRIl 22MY)  [J- Physics : 240 (=8 %
OB FREF S 15H05882 (FF7E 3 « #EEE M) 124
J2WFSEEIRBE [A0L: RTELAN 1 & A8 E - OB
AREE S 16H056883 (WFZEFEE « i) d—ER & LT
fThoIVE Lz, BRESANES LR L B ET,

[1] S. Nakatsuji, N. Kiyohara, T. Higo, Nature 527, 212-
215 (2015).

[2] K. Kuroda, T. Tomita et al., Nature materials 16,
1090-1095 (2017).

[3] M. Ikhlas, T. Tomita, T. Koretsune, M.-T. Suzuki, D.
Nishio-Hamane, R. Arita, Y. Otani and S. Nakatsuji,
Nature Physics 13, 1085-1090 (2017).

[4] T. Higo, H. Man, D. B. Gopman, L. Wu, T. Koretsune,
0. M. J.van’t Erve, Y. P. Kabanov, D. Rees, Y. Li, M.-
T. Suzuki, S. Patankar, M. Ikhlas, C. L. Chien, R.
Arita, R. D. Shull, J. Orenstein and S. Nakatsuji,
Nature Photonics 12, 73-78 (2018).

[6] Y. Sakuraba et al. Appl. Phys. Express 6, 033003
(2013).

[6] A. Sakai, Y. P. Mizuta, A. A. Nugroho, R. Sithombing,
T. Koretsune, M.-T. Suzuki, N. Takemori, R. Ishii, D.
N.-Hamane, R. Arita, P. Goswami and S. Nakatsuji,
Nature Physics, 14, 1119-1124 (2018).

9 MMEFELUE S B AR rrcccrsccerrreresssseee e



AIAAETIZBITDHAE BB —)IVEIR

BHIEE &

WHERFRIZ BV TR BITRT T 2 R — VI RBEEIL, £ D
Xy U7 OFFHRPPRE 2T D T2 OITIR<ATHhIL TV D
ETHDH, BETOX Y ) TILERST Tl TRELH
S 7=z, BIRORD VICBIR AR & #es & B om

(ZHEE R G ANZIRE AN BN 2 B — L R Bl S 5,

ZOBGR— VB FIEX ¥ U T OIFTE L2\ T3l
INRNEBZ BN TER, TFE, BHOMEGIKIZK T
LPENHE SN TWD, Bl BEF A RIEERY
B, 2100 AT WHE8]. ¥ TR TWHEL, 517 E
DIFAHRAC LV ERERIRES I SN OWER ETH D,
Bz, ¥ 7K TRICBVWTET LSRR — /U mE
ROBMPHE SN LT, FERICKREREREZEDT
W5 [Bl, — . BEEREF O R WA TR — L R &
EHHFT AN =X LIAAT, ZDIRERFIEIC OV THE
& DRSBTS 72 ST BliX e hr o 72,

A Y VI & BB — LV BT BRREEE R IC B T A A B
VIR TH B~ T ) AN R DRV R e b K<
BILTWND, =7 7 OBKR—VEhBITER # 7o sl i
KBTS TEBY, ~v7 7 O —(ifADZEIC
Ko THETEDZ LN LTWD[T, 8, —F.,
MRICBIT D EMER~7 7 o E L TESHEBEINTND
D ERIBIC, BERRRFF O 22\ R B AR TIXSERIE 28
RHATHBLAENEL, BF—VROEMITIRHATH-
7o WIT, BAR— A ROBIED b RAMOHERRIZET D
THRP/EONDWREMEDRH Y | AV ARIKICIIT D8R —
VR OBEENRIERICEHETH DL LB BD,

B2 1, H L AR ESNT- N I AEAE Ca J13
7% 4 ~ A (CaCus(OH)6Clz + 0.6H20) [9]1T 35T B 72
B — VR IRV BRI o7z o TRRE L < BT 2
ZEITHBILTE[10], £ LT, Bl ST B ER— VRN
AR T 2N =D RIZ L > TR TE 2
Z & % Schwinger—boson 752 & B ERFHE[11]IC L > T
AOMNE LTz, ZOHEFEIIRY VR AE ) UHigIc
G LTHRY ., OB L ERO—FUTH T A AL RIK
BT DA UERIENR Y T ) < Rk T

BRI T M
WERGHIHERR )5 R

HZEHERLTND, ZOFRERIZ, T AR KIEICE
W BRMOBRNEZICBET A EELRMAEZ 52TV 5E LTk
3%z TW5,

() ey t; °o o_ o
N8 Oo ow Oo oo
I |
@ — o _
[ P )
o_"o o ™o
o °« Qo o\'n
° é Lo °
/Tu s THigh
[ J
o} — —— Heater

Magnetic

¥
z
Tis ‘[ . field (// 2)

1 Ca TV A MaOREAMEEE clill(a) & atill(b) 26 Rz
X, FRALTRLE CutA AW a-b HNTH I AT 2T
b, FILHIAmIIHD Ca A A cliliFmicdb L4z 2>
DELLNNELTWD (FHERMTER), () FEBRrEY k
Ty TOBRE, Tyign. Tuaw To® 8 DOIRSEF & B (Q Il x) %
WT 7m0 —2 BREHIID 1T b T2, B H N 2) X
B e HFANCEIN STV 5,

Ca I RZFY¥%A4 A

1(a, b)iZ Ca BT VA FADOKEMEE L RT, WMt
S Cutf A2 a-b BN TH A AT 2R T D,
71 A AREFANTIEF RN P 7 F A b L—3 3 D
RN H DL, BRI AT 2 BEF AR A
TARRT RIS E BT AEVIEEBRE—R 7RO T
£ o THEH 3R & CRESIRF S BIN 22\ IE B B 70 i IR T8
—END L BERICHIR STV D, TOH T A
TAZEUT D BT A B OEERIEOREI I T FRIZF
LEFOMED—2>TH D0, HEmMICMI T2 Z L2339
I LW Z &2 D, FEBRITIEICE L 7= BARAY 22 U = A 4K
FEROMEORANEERFEHEL 2>oTWnD, £H LI
Ak RkoEBERR A PLE LI V=TI Lo TRE
HAESR OB RN AR /e o T2 A AYENRZ D Ca BT
A M ETHD,

HAAETWEE L CHLA MR N—N—NAI A
(ZnCus(OH)6Cle) [12] & RITEARTH 2 23, O/—r3— K R

PEMEXDE S8 EF 45 10



(a)

AT, [mK]

I AFITBNTH T ABEICAS TV Zn A F 2%
35 CaAAVBRECHITABENICMEST D7D, A
HEOMEERNIEE D, L0 ZRTEHEOBNAE R
R siLd@Ca A A4 DA F X Zn A F 20 Cu A
FroENLY HERELS, A= 3= F 2 I 24 TRHEIC
72oCW% Zn & Cu Mo A NIF o 7 ofENE X
RNEWDS 20DFIENH D, FEEE, FHFBRHEICL D
& BRBENER 72 el Bt HAR 1 Jkp ~ 52 K(kglIA /L
< VER)ME 2 IHEUBEOMOMEIFER LY bHaokE
WZ EPREINTWBD[10], FEATHENBT  ~7 K IZH
BN H D 2 & DEE9]° NMR[13]DHIENHR SN T
BY, T RVIRECIEREBEEIBRTFRER S TND
EEZLNTVWD, —F, T*<T <] /kg®EREHRHE
TAE B O3 E LT A U RIREEN TN D 2 & 3
Ehd,

FERER

B ENTBFR— VR A K 2 17T, 4 2(a) i3 BRI
b U C IR 7R BT AR ZEAT, = Ty — Tpp (B 1(c) D FEBR
Bl X2 ) OBSGEFMEZ R LTV D, BIhbbnd &
INTRESHT 5 U TR R Aoy S RRIZ B S T s 2
LAY, THVEBCRFAME L TAT) ™ (H) = AT, (+H) —
AT, (—H) &K BB — M BHR i, () ZRKDTZH DR
H2b)Thod, K2DNIRIINTND X DIZT > T TlrIf
T DRESHRIFIE 2 F Oryy BB S VT2, —J7, T<T*T
LR Ty, 28 L. 4 K BUT IR R B R AL
DB SNz, ZHUTMEIERIC X > CHREE S E kL LTz
ZliICkAEENER N EEZ BN,

() 04 ——T—

T T
Ca-K Ca-K
|- 8K (
| |- 16K v 8 03
20K Lo Ty
N 30 K - | e
=02
(M/ ‘x
=
E o1
=
X

o
o

ol

-15 10 5 0 5 10 15 0 4 8 12 16

-Field(T)

2 Ca W_XTHA FATHNS IR — VIR EZE

ATy:TLl_TLZ@@Q%{Kﬁ‘I\i(a)tﬁﬁ:'—/]/'ff‘Iﬁ%ny:
Asym

B (2 2 Tl (H)AEMEEE, LEwizZnzh

Kxx(H )ATy
ATy (H)w
THigthLl FEﬁ t TL1— TLZ FEﬁ Eﬁ%ﬁ) @Eﬁ‘%ﬁkﬁ‘ﬁ(b)o

M 20)DT >T* 0T — X% 7 + v hLTRD
Ky /TBDIRBEKAFIEZ R LT= D0 3@) T Do Ky 1E~60

11 PMEMEXDFE S BFE 45

K LT ORENLBNAED, 20 K DO E ZAIZE—T %
R LTI ABICBD T A IRER A R LT, 3(a)
TIEATHRICE T 5 RV RY A MRICE T BR8] %
TR L TH D, 20 2 DOWE Ty, O FIIN TH
BN, MOHE & IR EEIIIEFIC R PR D BV 2R
LTWD, RARTA b ADOHERE R, X Ca IXTF
A MEOZENLYD MU EBRENWIEEEZD L,

T B < ATk, DS FWE CRUR S 72 Z o0 B R
Koy DRLIED b3y DRERD 25D D7 4 / o TIHR |, AE
NERDBOBAR— N ROFEE TR L TND LB R
b D,

(a) 5 T T
4+ o _
— ? < | & Ca-Kapellasite
5 3= > —
—
5 <
' 2 & |
“.‘E 1 1O
> M o P _
2 | I—e
2o —
E -1 _ll "Da —]
~ ‘ *
F2F ‘ 7 . _
P O Volborthite
-4 l I |
0 20 40 60 80 100
(b) T (K)
0.8 I I I I I I l
06— — SBMFT _
< Ca-kapellasite
w 0 Volborthite
=
WBo4 - a
Iuﬁ
0.2 ¥%o ]
0.0 I
m
02 | | | | [ |
00 02 04 06 08 10 12 14 16
keT/J

3 BR— URER AR & 5T o Tk, /TB DI
(a) & HUEAL & h e Bk — AR E R ORI (R HED), RARY A
NI B SATHRZEB] RS H A Wi ORI, SBMFT #:4% AU
AR R ARG DERTER LTS, Ca I<THA bk
RARYA MAOEBRERICH N T 4 T 4 v 7T A F 3%
NWEN(J kg, D/]) = (66,0.12), (60,—0.07) T 5,

CORBEORERFIEEZBBET D27-DICH LT
Schwinger—boson mean field theory (SBMFT) & FE/E41 5



HETFEEH W, SBMFT TIIA Y UEE TS, 2RV v
JIBEE (byr, by YDXT & LTRT U AT a % T
= % z biyGapbip
a,B=11

LT 5, BHEOZDIT ¢ MO Dzyaloshinskii—
Moriya 1 EAEH (D;; = =Dj; = D, 2 Z T, jiEM 1(2) DO
FUZDT e REOMXIZE ) T 2R AN 03 AKX
TR N A B L SRR

Z(]s -Sj+D;;S; xS;-z) — guBZB S,

<l.]>
BEZD, Ty = (bl b ) D THPITE RS Z L T
®AE L, N2 RS EZDORY —NAHONAERD D Z
& THHA L7 B — R E R g 8MFT )3 3 (b) D FEHRE T H
b, FHREOFEMIL[10]Z2 SN & 7oA, RHEEIC
Fo TDKRE E WKy /TBOE—2 DIREZR D, DOK
EINE—TOESE5 2D, TOMEE]EDET 0
TAUTNTGAZLE L TEREIKRLIZH OB 3(b)D
ARThD, L R&Z LIz, TN /kg ~ 60 K
twﬂpwa%mmfﬁﬁﬁﬁwﬁﬁmféwﬁﬁgf
ZOMEGIEFICL<ERwmE—HTHZ Enbhotz,
INDDT 4T 4 v T RERITRACE ORI B3R
HHNDJOEE gEOTNI LR SN D DOME & FEH I
VY, EBRERAEMENIT T ERNICHIFFICE
JE R HBLT 2 ZORERIT. B ST BR — L R A
EUHERTHY ., TR R — LR SBMFT Tt
WEND A ISR T DY) —AAHDORRIZE > T X
(B ENDZ EERITFTHEDOTHD,

ELD/SBDOER

L RIOFERIS B =F AT
IR 3)DFEM TR LIZE D RHB@OIR A HEV & o~ Al BE
WRnDD LNy ole, Sk, MOBEETIIIRD S Z &8
HLUODMMEEAOKRE S LZomE %, Buk—LlE
MHROEND XI5 LRy, LavL, EBRE

I DEDE 2 WETHERLIEOALATH L0, KR
EHERNBARINC B L TV DO HREMEEZ R ETE 2, &
T7ov WVRYA FPADAE L ANIN ST 30 T AR
LD HRF=ZAKTFOIZIDETTHL Z ENRINT
BY[14], SEOHERBFFAEN ENZTHEIGTE 20 AT
bD, H%. JOEDPKRESEIR DT T AWE TOEFR—
NNFOBRB LI CTH D,
BRI, T AR URIEOFERh

B A EGR— L R

WX LTI 7 = v

I AL 2t G & O B BRSO Y S Y 7 iR A F
LDHDNRHLHN, SEIFRA BHWZFETRY ALY
UHABITKRIET D, T OPERER D FRRAE R A 5 £ B
THEWIFERIT, I ITARCIRIEDOERE LR 8
L CO ELRBTETCNDIEERLTND, —H, &
A >SBMFT T V=it Lu:iﬁ&z>1i%%bdt#”’
o, MMOFEFNE TR SN B £ 9 72 A B LARERIC
ﬁ$—w@%¢@ﬁﬁﬁ%m@5%@:@5»59#@&
FENAHRETICR D EEZ TS,

B33

KIFFRITLL T OF 2 (LB AN, #RE#(CF, Hyun-Yong
Lee. Jung Hoon Han, #3230 TEHE . /NHF,
B HEAT) & OELFERFRICE 2R TH Y . (LARFRR
WL, RUEHABFZEBIRR., SCRHE AR 2 b T B 3FERER
. AAREMARILSIC K DB A A B & 3 OB AL
Ob EIATbNE LT, ZZIUEHOREZRLET,

BE IR

1. M. Hirschberger et al., Science 348, 106-109 (2015).

K. Sugii et al., Phys. Rev. Lett. 118, 145902 (2017).

D. Watanabe et al., Proc. Natl. Acad. Sci. USA 113,

8653-8657 (2016).

4. Y. Kasahara, K. Sugii et al., Phys. Rev. Lett. 120,
217205 (2018).
Y. Kasahara et al., Nature 559, 227-231 (2018).

6. Y. Onose et al., Science 329, 297-299 (2010).

7. H. Katsura, N. Nagaosa, and P. A. Lee, Phys. Rev.
Lett. 104, 066403 (2010).

8. R. Matsumoto, R. Shindou, and S. Murakami, Phys.
Rev. B 89, 054420 (2014).

9. H. Yoshida et al., J. Phys. Soc. Jpn. 86, 033704
(2017).

10. H. Doki, M. Akazawa, Hyun—Yong Lee et al., Phys.
Rev. Lett. 121, 097203 (2018).

11. H. Lee, J. H. Han, and P. A. Lee, Phys. Rev. B 91,
125413 (2015).

12. M. P. Shores, E. A. Nytko, B. M. Bartlett, D. G.
Nocera, J. Am. Chem. Soc. 127, 13462-13463 (2005).

13. Y. Ihara et al., Phys. Rev. B 96, 180409(R) (2017).

14. O.Janson et al., Phys. Rev. Lett. 117, 037206 (2016).

w N

PEMEXDE S8 EF 45 12



a-ZrCls I BT % A3 SUDMMHE L =1 A E Vil

WA

BYWEMEINV—7 WIIBRE MR F

4 LWHHFIFERROH LW HGHEICHNDS, DNA @
WERAIT 4 FIEO ARGy | YEROFEARE
HIb BRI, 38V ), ), £ LT D 4207
TRk END, TZ T, HER4THD Z LIXIRIEMICE
EThD, BEN AEERTUT3EOERED L AdbE
TERTDOZ NI HEEefiETERn, ALIAD LR
NIMAE b O E LI, T AR O LR DR
Thd, * L TEMIADPEEHECLHIIE2T 2T
FRFITLENET, SHIZHVTRALF =27 —/LIZH
FT2 T L, FxlTZoHEko EiC
DFEN | HRMK 100 O TLHE L HHEL S, T THE
BOMIERLAEMPEOL b, Fx BBV EZZDT
ELDIE, LELEINODEN 4 o726 ThHD, 4
EVIIHIZZ DERRTZ LN D XD THDE—>DHH
ThYH, ZOMDETOLREDIRTHD, ZZi24L0
IHED [ BEDERFNR] WINRD D,

IRFEOFNFN 4 THDLZ L, T VARRDITFERED
BEN4ODTHDZE, ZLTNEY, ZORFZEIT 4 KT
HTHY ., 4 komz—7 U v RZEMICIEIERT R IEREOH
DHEENTFET AL, ZNHD0H D HLOIIERT, Fiz

DbDIEFMARTHAS %, HRF YU ¥ RN LEL
DOREMBFE, BFEEEBET L TCE IO FIZONTETE
BOHZLITIZZTIEHTERY, 22, ThWDbDA h—

—IZBD D (I b EEL OEHEMEET) WA
TR A TR Z 5, M@ S IHEEOFm 7 7 7
DEYA MI4ATRY DT OEND (KD &V IGHT,
7 & MR I FARBRIIZ A H T3 R B < Gl

MO ENRTER,

whE B

SN ol-METHD, ZOMBEIT 1976 HFlza v
o — & —%HWT [GEI*) S, ez R 25 2
Lol

K 1 EEOFHZ T 713G TR b bivd, ORI
HHFHIR D L~ 72 % LR Y D & DT 2 DIFKETH 5,

DO & BRIy BLEE SRR D L~V T b 5 < O ERIN R
EH 25, FREYEMICS VR D L, AEEO (EEE
R T 2 Rtk 1L D 4-state Potts SOBEMERIE

D7pd L b 1 DU EORERIREEAFFOL WS Z L TH D,

I 52, BHEBEWIT LTz 4-state Potts SEEBIMEARZ DL O
b, 1 REB L 2 RIEB OB LICHFE L2 E (KRB
W THhH Z L L AbEDL L, ZOETFRTHD
SUM@)NA B~ L7 AT S DIZENTEHE L% &
ATND ZENEGITIMBTE 2,

SUMNNA B SN IR X, AT v T T
57225 SUQNA Br LI il % 4 A~ LR L= b O
ThHD, ZOBRINEHAVOITHFMEOREV, £< O+

)R

K 2 7 & AER S SU@)NA B U~ L7 5l

13 DEIEXOE 8BB4 5

RIS & RVB)IRRE DL BB DA A —2



T (AR B FTEDRGE S 1L D) T ML ERRIEA < 7
2R T 2026 Th D, b L1 DB bIFBHFEET UL
ZOBY DI EXERIETE LD L EERETHY |
ZOMOELPLEN~ I nIlEREDbE L& Hk
ERREEAZEL S D D, ZDZ L1 Anderson[1]2M8F L
7= RVB IRFE (X 2) DRELA B =K 2 g b i 528 A]
AEIZ L, Wang-Vishwanath[2](Z & 2 JCERRIZ2mF 71 L 0
EHNZIESRE T L TR A B RO EBNRRE I,

FRSIRN D ESHEF L SU@) A B o ~L 7 R34
ICEHRBERR P 2 FF o Z L3> 723 [38]. [AI U bipartite
T Th A= A TITET AL RIE (D LIEET A
EUHNEIRIR) LD T e b o TE L[], ZHEEREER
BERRFF 29 SU@INA B Lol L Ban - SU4)
IZ#V Tl valence bond dimer JIZHRVNT Z X h L —
TarPELLINGIEEBZ b, BHE - SRREZ
FTIETHATTA ML=V a VORI RIZETAYE
VIREEFET D5 LW LWER L L o TN D,

T, ko SUWE T A B UHLUEREIZEGRMICE S <
FRENTE D, EREBIIMARFREZBRW T

mENTZI emotz, ARIOEBIE a-ZrCls &9~
T4 FEIZENT SUQET A B RIRNFEB T 2 W
PHERRLIZZEThHD, 1ZIER UHEED =1 LJEIRY
BD a-RuCls 1% % =7 A UKD BEMWE & LTH
D EF B TEZA[6]. 4d BT OFRNA B HEER B AE
FE Zr3*(4dY) & Rud+(4dP) TR & < B %82 R+,
a-RuCls 2B\ ik, L <& b7z Jackeli-Khaliullin £
RE[TIC LV j=1/2 A U RIZH Z = 7RI B 50k BAEH
PEL. AL UEHORMEMEL SUQMN S SR~ L ED S,

AUTEER O 2 U HER A OBREEE TH 5,

—77, a-ZrCl3 |2V CRIERIZ j=3/2 AU MOMAIER%
FHET D L. AV UHUEREERAORVEIR T, TAICK
LA EUHEZER OXFRED SU@)~ SRR S, SUQ)
DERTH 3 DTHHDIZH L, SUDIZ 156 DAL THH
DT LEBZNTINTES REMRTHY . PR

ZTRER L L TEFA Y VHERIRER~OENE N D,

Fo, AT EROA D= ALIZLY a-ZrCls TEEL S
5THSH D SUQMBIEL D, BT A v U iuEiEiiRiEs
BT 2 HFIEZOWThiEm Lz, BUERHEOETYH
(M 3) BN L T, iR R0 EFA Y
UGBS D BRI R EBR[SlIC L D, BT A Y
HEDIEFIZENTHD Z Lo TnND, AL L

HEORNZ SUGRFER ST, BT A B IO A
b= L BRI OR A — =B R 5N 513
ThHy., b LB B AL 2 AR TIXF L
WV, Flo, BEOBRTFACUVIERIKEE LTOMED X
T A UEIK L FIRE, HEe A B U F OR B BV
MNHEPNDITT THD, ZD X HIZ a-ZrCls ® SU@)MME

PEREBROME NG 7= SAOHEDER SN =% YA
T4 TR THY . SHOFBENIEFICHIEIND,

AR TN IEZ K GRRKRE) . George Jackelilk (2 =

by ML RR) & OILFEFFEDA, Sounak BiswasIX,
Kedar DamlefX (# Z #F 80T 2 < D )5 & & Digkiam &

CLTWET, ZOHRZRMY LTURSHP L T ET,

X 3 a-ZrCLICBIT2WEHBREDBRTPLEDA A—Y

* etk OREIZ DWW T Witten 2B EELE LT
219

w2 [FEH] & FENT &30 2 I TEFE OIS bk
& IEAUT2]10],

[1] P. W. Anderson, Mater. Res. Bull. 8, 153 (1973).

[2] F. Wang, and A. Vishwanath, Phys. Rev. B 80, 064413
(2009).

[3] P. Corboz et al., Phys. Rev. Lett. 107, 215301 (2011).

[4] P. Corboz et al., Phys. Rev. X 2, 041013 (2012).

[6] M. G. Yamada, M. Oshikawa, and G. Jackeli, Phys.
Rev. Lett. 121, 097201 (2018).

[6] K. W. Plumb et al., Phys. Rev. B 90, 041112(R) (2014).

[7] G. Jackeli, and G. Khaliullin, Phys. Rev. Lett. 102,
017205 (2009).

[8] Y. Han et al., Phys. Rev. B 92, 180410(R) (2015).

[9] E. Witten, Comm. Math. Phys. 100, 197 (1985).

[10] mEY - v gL [DUERE]) SERREE—RBER. T
ik, 2004 4.

PEMEXDE S8 EF 45 14



BT EIEAADHG UM ERICHBNTHRIL L

JEAEF B m IR

e HOTEOME Z AEICHRD . &) 0D EERY
HEEIZB T D RO —2 L5 T D, ZHUT L » Tl
HCHREICE LVT A AREBITE L LB HNDH
bTho, LALAans, BIZBEEIRIBIZIIT 2 iR
XIS D @mT 2 b e E— TRV~ O ERE AR
DFFTMIITHE LV, ABFFETI, bl 7k & FF
IEN 2% ETe TaoNi(Se1-xSx)s (2N TR « 45 i
ot 7 1 43 ¢ (time- and angle-resolved photoemission
spectroscopy, TARPES) & \\ 9 Tk % W Tt iz ik
-SBEBOEEBRIAZ FHR LIZ[1], /2. ZOROBEH
PEED DI, BRI~ DR R & — Wb 7-4H B
DWERGDR PRI T HEBERERZREST D LN TER,
EAEF v TR R R IC B0 TRV 7 B
INTIE M RBIRAEX, BT - EAKEAGRICBIT 5k
KD R L W D BRI A 7B 7= e A B0 0 4R
<boEHIfFEND,

WS R

i) et
FEONY Ry v TAVNSWHER T, IE T4
DEAEAREHR OB TN, 27— VA EAEH ORI
IZ R DHEREE, TRb bR TIREEE KT 5 2 &
WD, FHETITET & ELOREE DRI AFIOAFR )
12 & - T, Bardeen-Cooper-Schrieffer(BCS)%!, % L <
I% Bose-Einstein #&fE(BEC)LICEEE T2 Z & 03b b, =
DD BEEERIEIE, P HERRT LRSS S

nNTns2l, X 1a id, BRI TS I T2 b -
AR OFRIX % AW FE LB T DAFFE D HERITHE > T — 3Bk E

L7ebDOThD, b IR R iRk o i 'd &
LC, 17-TiSe2 E W HIWENZEITF BN D([3,4], = DOWE
X, ME A OIE | & REH DK Brillouin zone N 5
22D GITIALE T DO FEEZ RO/ TH
DM, 2X2X2 OIEFERE LD BT HEE 2R 2
T, BT L IEBFES LT 1a 231} 5 BCS Bl ok
THIRRIC 2D EEZ BN TS, L LG, R
DR R % FE O E CLIRNE T-HER% AR & 72 2 B B AT
BRI L D8 ROPT D BHBMEIR->TLED Z

15  WPEFELOE 8BB4 5

MR v — L v MR ¥ —

i

Lt FOIEECRIEN I Tt R T d 2 D D BT
FFHTH DO OHBINRAERNEE L, £, HERO
N RS2SR & RAE 2 7 Yl L i &
WIHBLRNO BRI THD EBEZBILD,

a
ry
e
=
®
2
5
[t Photoexcitati
/_<Excihonic‘lnsulator
L3
so \ BCS / BEC .
Semimetal 0 Semiconductor E’
=]
b c

Semiconductor  Excitonic In sulator

*:W% %
l_» Ni3d-Se4

a OTa ONi ©Se

Eeg\r

(g -

Ni3d-Se4

1. Bl Rk IR DA & Ta:NiSes Dk itk & BT HE a.
- F-HE AR DK, b. TazNiSes DiEmEE. ¢ /N2 P
DFEFHE.

—J7, AMFFECxG L L= TasNiSes 1%, M—? BEC &
b R AR OBEH E B2 b TREY ., K 1b IR T LD
Ta AN Ni 08 1 AL Ta D82 K75
e —RoTAE RIS AR5, lFE 71X Ni 3d & & Se 4p
IE OWRRIE, EEET Tabd PLE LY . EIE T
BEHEX ¥ v T a ROl R L 72 5 [5-7], 328 K TrEifH
DRI D> BARIRAR O B~ & SRR 2 4L Z 9748,
1T-TiSes ® & 5 RBEMRFIT RS eV, —F ., AESF
HE T4 EARPES) 2> O Il E T-#r D /N R O BAZE 72
HALAHER SN D Z & 0vh, BEC B ok T M o
FEMLEE Z B TVWD([8-11], T D K 5 ZRE T 2 B
MR LT=DMRK 1c TH D,

Ny RE¥y v 7OBIROLHE
AWFFED S0 BE9IEZ, TARPES &9 FiEEZHWT
TazNiSes ML FiaixATH Dl E 55 2 L THh o 7=,



o

E
o
&
z
£

_300 O 300 600 900 1200

Fump—probe delay (fs)

b

240 | | f f —
— T8 TagNixg ]
= 150 —
3 120 X =25e
s w0l
E
E_ 60 +—
D +

| | | | | | |

0.4 0.6 08 10
Fluence (mJ cmi2)

12 14 16

2. TasNiSes & TazNiSs DFhFLAEFIIEFEE & Z o hi i (K
FrE.  a. JEENEIZ X% Ta:NiSes D FEH AL FiZk T 5
TARPES 5/ O HEENE & = ORI ERENE. RENZZE
DR/ ME % B2 RE[#] CE#E E4U 5 drop time Trlat.

t 9 — DO MK 72 FhE TR IR OB E TH D 1T-
TiSe: TlE. Z OWEDIKIRAH B TR AH TH 2 H
TI725E LA Hellmann 512 &% TARPES % V72 2E(C
Lo TBRIZE LN TWAR[12,18]. TORIE 22727
AT A TEHKROE>72HbDTHSH, TARPES TixARr 7
Hexm AW THIE R OB A A B~ L, % Ol

REBEESNT S Z LN TEX5M, Hellmann 513N K
¥ v ZORIFIC L > TEORHE A r— L N Rip 5 LIRE
L7z, 37205, BMAEERCDWIZIEIT 5 /314 /LR
X ¥ v S THILZE DKF#A 7 — 1L CDW OIRIEE— N
DIZRNVF =R —)b Fv MERIETHIUI NN NI,
FNENOHFEIZLLHI L, i TR Tl E O REfE 2
=X E T - ELRNC# < 7 — v U H AR o ik 3
WKIFT 2720, e SNEBF O 7 7 A~ IREE O
B L R 22 B SRR A g, LWV OB
ThbH, HHIFBEYE L LT 1T-TaSe 2 EEZAVDL Z
LTI DB XI5 & ERINCFEGE LTz,

E-Er (V)

3. WU 7 HBRE R TD TaeNiSes ® TARPES AX7 [ b,
a. WU 7HIRERT. b, Ry 7 HBRE. R e R+ 2
ZEIZEoTAERBRILLTWD Z Ebnd.

FBAE R
JRh TR BE A

BrbZoTA4 T4 TIZESE, XY v 7
%W&%x%nfwéTmm&%ﬁ%% & LT, othbie
FRFIRFE O FhFL SR EE K72~ 7=, TARPES JMIE DK

FUIE, M0 R UM 1 kHz, 2OV AER 80 fs DT >
Ny 2 2AMF L2 YT 747 L—Y —FHAEHRIRER
(Coherent Astrella)x i\ /=, N7 RICIFEAKE TH D
800 nm O E AV, Fu—Ticid, PR
FhEMTH HB-BaBeOs TH S 2 REL, IHIZZE
NETNALHAERT D 2 & TRIREEEZ R4S
T, 9 REMRETHD 279 eV #RIRL7-, K 2a 1L
TazNiSes D/ RIZI5 1T 2 bz i@ FR o ek
1EPE & Z OREIRERAETH D, ETHHEAY ROET
ZINE T 5 & 2 OMENRED U, IMEZ R LTI B4
LT ZEeRNbnd, FESTAREZ LIIMMEEZ =T E
TORH (K 2a HORHED) BEEFSMHEL Y bAREICEL,
SRR bR SN2 &£ TH D, AL ROk
FE AR/ ME & R E TORRIE, BREIC K > TR R
Xy THRRET 5 ETORR A 7 —/W S L TVWD &
2D, FOREA S — /TR ERAFEN R S 4
LEVD LR, Ky TRBEDOA =L L LT, il
BT LD 7 —r U AEROBERGIERDZINTND &
HIZEEEHRL, 20X ¥ v 7 ORFEVHE FHETH S

PEMEXDE S8 EF 45 16



VD ZENERRIBEND, RRIYIC, BE OFER L
%z D TasNiSs TILZ DOWFR R A7 — /LT 45 iR RefR
FEIZH <, BhEERERIFMEZ RS20, BLEOREEN S,
TaeNiSes DI THERIKTH D & 5 FELAE DLz &
EZonbd,

JeFFES B

E 5~ X, TARPES A7 hVOEEZAL % 5EH
WD Z & CRbE A ToH 2 TaeNiSes 3R 7k
FIRIT D L CRBILT A EF AN LT, X 3 13
HEE 156 mdlem? TRIE L72BE D, BiEaitk co
TARPES 27 A OEMZZ R L TS, BhERTO
AN RV TR F R AR A O RS T X
ZOIZH Ly BB O AR MVTHE, MR EFOBBRT
AT XN T = VI Y D BN REIEL SV K
NENTWD Z Endbond, ZIUINRhEIZ L - TaRl
L= & Db IEWGEHLE B2 bvd, S HIT, Bl
IRRETIE TaeNiSes IZIFFEIRICR VT b AR EFEE LR
W14] Z EvD, Fox B R LT R AR T BTN
RECIIFAE LRV, AFEREOMTHL EE 2D,

ZORFEMRE-BBREEDO A=A L L ZOKHE
FLFRHERE O EHLY TaeNiSes DFEARMMEIZ & L 5 IZBIR
LTV B 050 X0 M7 i c 2 CTIE T[] 2 5 R
LTIEEZW, Fx OpRIT, EEEESEIC, SR8
RERIZT 272 8, K THMEZ BTEICHIEET 2 &0 9 TR
O AEFEBI~OFEN 2D LEZ TS,

HEE

KREFFNLLL T DO F 2 UM B g5k Wl A &t
Yoi WSRO EAT AR, R EFL A B BFR E,
mA EHL Rl MsE, R MR R OESR. SR MEA
MR, B TRER, W &EF], ¥ M &) & o
W Toh D, Fiz, B EFRB SR SRR S HE
HEFEE D - BRGEEEMZERIE 7w 7 F 4], JSPS
B2 AR 72 (JP25220707, JP26610095) DEIALD ¥ &

(AT, © I L BT E T
BEIIR

[1] K. Okazaki et al., Nat. Commun. 9, 4322 (2018).

[2] M. F. Mott, Philos. Mag. 6, 287 (1961).

[3] H. Cercellier, et al., Phys. Rev. Lett. 99, 146403 (2007).
[4] C. Monney et al., Phys. Rev. B 79, 045116 (2009).

17 PEIFELOE 8BB4 5

[56] F. J. Di Salvo et al. J. Less Common Metals 116, 51
(1986).

[6] S. Sunshine and J. Ibers, Inorg. Chem. 24, 3611
(1985).

[7] A. Nakano et al., IUCrd 5, 158 (2018).

[8] Y. Wakisaka, et al. Phys. Rev. Lett. 103, 026402 (2009).

[9] T. Kaneko, T. Toriyama, T. Konishi, and Y. Ohta, Phys.
Rev. B 87, 035121 (2013).

[10] K. Seki et al., Phys. Rev. B 90, 155116 (2014).

[11] Y. Wakisaka et al., J. Supercond. Nov. Magn. 25,
1231 (2012).

[12] T. Rohwer et al., Nature 471, 490—493 (2011).

[13] S. Hellmann et al., Nat. Commun. 3, 1069 (2012).

[14] Y. F. Lu et al., Nat. Commun. 8, 14408 (2017).



NTOITIAF—BEZZELT

ZOEVORLFIZEE AN E DT WE S i E
To DWVDUVMEHNTRD &5 EHMRD PEWMETLE
WE LTz, SRR TBHY LE S E-AN
FLIeH, HFERIARO =M EADRERT 58 &2 % T2
WAL, BWEZEIN L CHF—AR—R&ffo>Z LicL
FEL7, BAAT (X7 o7 2%—E] 2H->TW5 A
BB 245 LIWET, ETE. ZOBEICOWNTTTNR,
BEHEVFHELIIEH Y EHATLE, B YEEMUIZ, 15

MEEFH LSV ART —H B OE—~ AETHDH A L

Pavlovsky (1927-1993 . Russian Federal Nuclear
Center, VNIIEF) (CHAZH D5 LWWTT, ZOHIT
2008 FATHENEINT2E DT & T, AT T T 2D DOH]
& BABRIE BRSNS > To ik E L= EE 1T B L D 2
LT, BEBZIIBIRDNDL AT U AEBREHROE
BREMZB S TIRESNET, SENE. TERIRMEIC X

AQX%WEWW%M%LWZ%LTﬁ%KEﬁJﬁ
bolo b LT, MEHEY AITHMOESL V7 7 T A H —
TR LA LTz TA T 7 A EERR#(2018.9.25-29) ] T
RE L TN LIZWTY, O TITH 7 B
ZEKXTHEIHMS SN, ZORTRESNTZOT, bl
LEBIMNIOEENTZL D T, HWANARY T T4 XL
720 ¥ L7, V. A Demidov 1% + (Russian Federal
Nuclear Center fT&) 225, ZOZ#E3S HEONNU 7y R
MEACREGRETRVEnE DR LANRSH Y
ETHORBHPEZIM Z &Ik,
B FE L,

. DO

TRh BT %

WYERHT 1980 DY KV 5 MRIRMMERIM 23S0 L,

ARG EEZN [ERREHEIC L 5 1000 7 R F HIREES
EEZOISH] LWHZ T, ZlBEIREIEIC 5 AN
Va— VR a T oY T B CHIERR L & BITEA,
WG R Ty =7 VeRBLELE, REHD
1983 1L ZHBTEOMF L LTHEHASNL, 207 m
P/ bO—FARLLTEHIEE L, B, £D% 1990
FEITHIFT LT, MRS TR EEEE, THRFA~EBY £
LT, B~ 5% 10 2L Ed TEIKL TR £ L
728, AT OB TL X 9 2> 2003 4F, BATIEAAARD B
(B o 72 b OO ZJHBUR 5 IB% OIRES EREICR Y .

E ARSI FI iR Bl IETER
OHEBSE L) Z L ey E L, 13 FULELIE
TG ERRDEEN TR D £ L KINITIZ & A LR
BOZEEFENTEY EFLERN(FZLROKRMITA ~
AFTLEDD), RAENVNMRETIR A TWX ) T,
INIMEEL O (2RI SRBESS OREERNC X 5 7L A TBIRIS %
A4 LIS AFRICE A WE D 2 EITR 0 £ L, M
TliE 5MJ OERGIRMEEEE & —& & a1 VBRI ELE
BIIBE TR TSN TEY LB, Zhb % =il
BN &ME —mELD EF &2 T TEE Lz, Y,
—BE oA VIR AL E T 0 2T T A DIE LR
B B— TIUA V= — XDORBEBRRRIC b E N
FIERE SN SN TR Y £ LT, WMEiaRis
. FERGEAECOD 1000 7 AT T—HEEITRETHD
L %x WFFEIEE) D4 T 2 B IRAE 1S L D BiRES & i
Tl T PERR e~ & BRYUER Gt E Uiz, FRICTERGIAG
BT, A AL ER, BAEEBES 2 OEARZF LD
RELAERUE L TITV, SaEIcdaEz ERTIna# v ik
L. &2 2009 4Ei12i% 700 T %z GasUssaRiL 2011 4
[1]). BT, 2013 £i2iE 985 T DFAITAT) GRsUREFIX
2018 4E[2]). 1000 T FAICH ) —HE TITESK T &R
TEXFELE, 20, 79 A FL— MEEMIAZ B I 7 AR
BRIV O E 5 K ORI T 600 T F TOMBIMRBIEE
WZARED L [3]. @WK CRIfNREA L £ C ORI R 2 3
WAL, R OMBESGYERI R ORZEICmOA Ry
bz lzEBNET, 208D TR AERT O &
& BTN BS & A = RO BB A ED TE F
L7,
DUMI, 2010 F, FENRIEN, SCHRHEE O Fei
2O A= e S/ R/ QU AWAVIRRS G127 2 Y s - A )
el ) DERINE AL, 1000 7 A 7 MBIRBEEF A 28 O HT#
BRRICETT D LI Lz, avr T v ERTND

GRS R AR B OISR 2PV E L, BEfFO4
REOMANBEAZIBITT 5 LIZRV E L, 5MJ &

2MdJ D= T Y ER, 2MJ OIS AT o E
VRIS FE AN 2 1T DAARICETE UCHighaiiE, Bk
I8 AR BRI I B & TR T A > L CTHEL D
A L35 CORMETHED £ Lz, 2014 FEITITRA LR

PEMEXDE S8 EF 45 18



BRET LIZbO0, WIHE L2 T o BRFERICITEG
Z 72 B R 2 \ZHAE L, 2 DI B2 7o i 7e
BWDICHAEEZBESCT Z LIV E L, LILERD,
2018 4EIZR->TUEEAED T TNNEMRIT HIZED
BRIC, HHEA U BRI R 2 IV T 2018 4 4 A
1200 T OBEEFAEICHKTI L E L7z[4],

LB IR O MR FLER A T 72O LI O
TIEe<, HLET, BHEHIE & ORE TITV, EIREE
SR CRIFE T D RMOMMIRR Z B 2 S T-diliEo T
HOTT, 7 VAT, RsReifiiss o 1 E vt
HIAFTRETY, —& & 2 A VEBRB T A 8 Tl 300 T D
BB SIVTET ., BHEFHINIL 200 T < HLA3
FRATT, ZORBRANIIEIED IV ARIETH B TUTE
D ET, EREOHERHINIZZEN Y OR—T (K 10
mm %) BFER 2T, RIS, 1000 T COFEREEY
PERHHZ AIRE L 35120, 1100 T DOixEMERAED N—
RV EZ A UNENGH Y £ Uiz, HriEEE 1200 T AT
b TTOT, EICRHT 1000 T CTHMERFEE Al HE
ETHEENER LI EFTZIET

COMEEZ O L IITEMT 203, B2 3 HTIR
B 2ichizn, i TR offREEICERD Z LI
0 ET, REBREMEMEHIZE L TN Z IR F
T T OEMIEED BRIE O LOBERER DRI S A
e, ZLT, EhnstEoFRRIZAD L TH&ENL > TS
NAZ L EZBOOOWMEF A #RIC S THE T,

BE IR

[1] A copper-lined magnet coil with maximum
field of 700T for electromagnetic flux
compression: S. Takeyama and E. Kojima, J. Phys.
D: Appl. Phys. 44 (2011) 425003(1-8).

[2] Note: An approach to 1000 T using the electro-
magnetic flux compression: D. Nakamura, H. Sawabe
and S. Takeyama, Rev. Sci. Instrum. 89 (2018)
016106-3.

[3] Magnetic Phases of a Highly Frustrated Magnet,
ZnCr204, up to an Ultrahigh Magnetic Field of 600 T:
A. Miyata, H. Ueda, Y. Ueda, H. Sawabe and S.
Takeyama, Phys. Rev. Lett. 107 (2011) 207203(1-5).

[4] Record indoor magnetic field of 1200 T generated by
electromagnetic flux-compression: D. Nakamura, A.
Ikeda, H. Sawabe, Y. H. Matsuda and S. Takeyama,
Review of Scientific Instruments 89 (2018) 095106-7.

19 PEMZELDESSBEAE eeceersressesesssssssesssssssssssssnns




L 30 AR BURKFANF v /82— AR TH1Th<
DLAOBER] 25, 10 A 26 B (&) BEV 10 A 27 B
(B2 AMChMfESLE Lz, RIfEICHEEN, 2 AR
DOFGHEN 11,000 ANE#Z AU E 20 £ Lz, Wit
FETO— A, NS RWE KERER L)
XrovF 7L —XTEBEBINELL, K17y b
WZhd Lo, 11 hroERRETA KT —, A=
VA AT =2DBHY . SEEYD TOREE LTERERY
T—bFEML, 3,500 AEBZ DHFTLIZTHRGWTEEE
Lz, £, REEICT | EkE, W OO REERTY
AREZTERTDELLRDAX T H 4O LED
LHe, WA TN Ty ARV —E 7 F 2 —
TIBEHR2D7ARXT ) —HFEMmLE Lz,

2%, A RYT7—EKBRY T —DZRZNTYT, A
Ry 7 =%, FrERCHENY 7T —HA Reid, HHAR
AL RZ B OERERERZENLET, 1 DHOa—2

FERR T

TRESETFRSSTTECEHE ERP A ARNTEILZ 0=
2atph FLO( TEBGRUS L, LWALAENEEREY. HLOES
PAE RS RA RIS IS ET AR E L T &Y,

O dNERRRT. RS ETHR AENE 8RR
R L —H = CHARORE DI

THAEMERE A RELEY, MREEOERICE TL SRS
KEEART - Rl T L,

CER - CREEBMOE (T

QR O—MeFrEa. Fri—hizztih<
FEEC AE DAY EF L BT
CEEL R ET, BEEEICE. AT
HADDEFEOE LET. BEFF RSN,

SEE RS, drtERA U hE
HE S L EEEY
HERHAITIR ) -
fauEs, [

Ly O REIR
T ABDES v o IRERTTE

108 35 45 55
1R 05 15 25 35 45 55
128 05 15 25 35 45 55
1385 05 15 25 35 45 55
14FF 05 15 25 35 45 55
15 B 05 15 25 35 45 55
NGB 05 15 25 30 35 40 45 50 55
178 000510

L)
FOHES
TS BS RR2-5—)
TR U= Ety i)

@UTokyo_issp
TR DN eEh

www.issp. u-tokyo.ac.jp
T 277-ER01 FEERAATIHANEES- 15

B ayT |

BaEh  EEE

—fRARERER B EC

Tt TROMRZER L L5 T, KM IERHH
b e L, OB, @R L MRS CoBig A
HoTWe{a—RLRELE, 2 DEOa—R(X
B EHRLE S| LI T—<TIrbE Lz, a7
WHEIZOWTHIERERZB L THlo TV e/Ed a—R &
20 ELEZ, 2 ABTAR 48 ANZZBMW &, ki
HHIE, BRU»oTz) T odhotz) Lo To&
P T AVl el = DY e

LEER ORI T o T BBy 7 —i%, @F OEERETR
RAA RV T —=TIEHR Y e NI, R m oshig
LEEETAREEZERBR L TH L O T o —x ] &
A XEY REflio TKEEM L THRLEEKERTYH
59 [EEa—2] 203 —ARHELE Lz, EB
IZEDWREEAT > TND AL DAL R 203 6, FEBR
DT EARBRL CW R &E Lz, SRIERZ Z 2580
FRENZEE KIRECTL,

10/26 (%)
27 (+)

10:00~16:350

-
HA R~y

qhéﬂﬂmghkiﬁﬂ%ﬁ

Hm—
£ 4 \&EUHL‘L
§ w7k i3

2 Ny
ot e mand |
o

Pk T ZENE
A

FpEAITE
FEL)E

MEMELOE S EBFE4E 20



21

— g " = 2 2 ANEwE

R —F 18

AYL—H— WR—) g iR Ifﬁiﬁ - EE?EEI I%”r‘/%lﬁ I Jd—i1 - Baazkat

: D ATETHE vt BRE QD @R @ KIE e QLT o vs OO ATHE B, O ATHCTE

AN EAN

A HrkEyr— @ &
W &) 1500~

FLvias

Ao

(BrAET)
OnFIE S rEE RENR

QREL—Y— @8 @MIHEL  ©F Quizt/t Iy Sk
L TE S A—i—avEa—®a AT BMRTRTHE 5
SDBITEEES 7 A EmS. BT

A =i, RELET
OO BHSRAH 4 @7 IAs WhyT © & @AEVERUES 1O 2%

1027 @) 11:00~15.0~ (T et et RIS CRHBTFU MRS, SEE 4F—EOW T . A O TR T

AdR 1 Mz (M. 5 DETES

B vy — JF ehsEnD
EEER0—2 /BEI—A)

B W i reh T DEVET. E3mapw? LE3!

ROROETFT, BEOWES | | BREOMRFRUES NS, it R PR 3 1

O EELHES ©,8 @aTEaMES: Ol O Zto—TFaN0Y >
VORDES S 200TTE A T RROPAAEE BT R FO—CFERSEIRT
NAYTLFEREES L B S8

1027 @) 2:30~ '

AAR6 S e R——]
T A RS
SRR - || {2

W (2 13:30~ 7 (5 B HHB ORI BREEI S THAL

AU SO0 L0t vORFNGA RSN QEELNE © 0 OWMTHEOHRAGO AR @11

WS- 05%): URMBOMMBTRETIRMANR | L ERLSRUsTEEAtR o o A Aol T DR
AEI-ZERNT P PER TR AL IhORERE  BEILET FEONTAEA LomEhaT  RBT } B EE,

=1
TA4A7Y . 0D oK OF 1% © A6 QLN QAERE
T T oomm Ty A e L—t—) THFR— RS TEEEEE | ML ana ) YR Wy S TR AL S 1
ERR S 27 4 E5 L .
FAlT, SRR ) L Fp—— meE L [ o SdaprE—
i = i @ ICCOHIHIS ARAFRS R
Fo TET LA | iy S e e BAOEET TEAEETS
37 ETEORET ' TLEEOE? eld?

Je— B dg a—F

1 PR — IR AT A R~ v 7

A -
&3 ERFEXFIMERTAA.

PEREROIY Y THRERODARBBACEAVELET . the frontiers of science research at TSSP!

[#H4 EY7—] (HFIEEEE)
BsksesZ) - 10A268 (&) 15:00

10A278 (L) 11:00, 15:00
(BHE)

0 rEL—¥F— @RIC—L 2 FAHFREESS
L—¥—T#iF>5 | ADBIEABIL 5?7

99 SRR AR (ERHEMERH PR ER)
ER-BOBIBEEYHTER. WBETET. B

BEEEE  (ERWRE)

EATTERKERALL? BEOKEEER. ESHANGE? High Pressure Theater (Uwatoko Laboratory)
IMEEHRLES ] 2—R ﬂ “Enjoy Material” Courses

@ PRSP ER—N—aYEa—8 (HAAEHPHEEL S ) |
LET

AN EMEIC, MAR— =N R !

HURABEMS  CAEERTRIND)
© irnCaumm SromCRRLES !

@ HRADFT/HA T VR~THAR - MERE~ (REWRITL—T)

ATAEBB/CRTHELS . RFOE !

[y F7—] s deiur
BItsEE%) . 10A268 (&) 13:30
108278 (L) 13:30

. P27 vEFHEST ¥ cxperiment. Waler fie
ERESDEEEE KEEETDE - E‘mMN“efj‘ hy the dé“m’;\?— al room lemperature
RETIHMEERS! e Rt type pulsed mognet in 1SS B B kil
. IROIZER? e MegaCiauss Laboratory. Mg peiaw
Feel The field!
e i i T Note: The circled numbers in pirk above te.g.. &) ) correspand to the location numbers for the exhibits ta be visited
+OBOUT . SLMOBERICHTLTOFT WA 1 7ITER) during the respective Ltours. [ For the lucations of the exhibits, please refer to the "ISSP Guide Map."

= —RSTR
Wﬁwﬁ%ﬁ PR -

HARYP—
TIEMRYE
LELSAIE
73!

20\%8

. % ,;Qef\e“ce Yourg

\SsP Open BoUvse

Guided Tours

Welcome to ISSP. Come and join our exciting guided tours to see

[Guided Tours] (Tour Duration: approx. 60 win)

Dreparting Time: Friday . Oclober 26 15:00
Saturday, Oclober 27 = 11:00 . 15:00
Starting Place - ISSP Main Bldg, Courlyard

“Extreme World

o Light and Laser
(Laser and Synchrontron Rescarch Cenler)
9 Generators of strong magnetic fields

(International MegaGauss Science Laboratory)

=3

EFOMBA) !

6 Materials Science and Supercomputer
(Center of Computational Materials Science)

0 Visual Condensed Matter Theory
(Division of Condensed Matter Theory )

@ Nanoscience for surfaces of devices and catalysts

o {Divizion of Nanosecale)
- [ Experience Tours] ror mistieschooiersamd olcer_Er5t Come.

Departure Time: 13:30 cach day first Sarved i
(Fri & Sal.OcL26427) Registration
Starting Place : 1SSP Main Building Courtyard
(Behind the Reception Desk),
HBESHIZE (W) HMF Scicnce (15 people/ tour)

The world-record high- A Wil Blgh i
magnetic field was recently

MPEFE X O S8 B4 5

B2 WA RYT— (fRYT—bo L



H3FH AR B T2DENTT, P4 AT
Zxifa—bt—tBEFLEVS L LICRFEOBIHEER LA
TWEEL AN MTY, AEEIR, BRI IR
ORI FTBICEEERME N 2725 TRV TS &
I 7~ TCHENE L, 74X 2T Ar—hDRAE
RTZADAEVINGIRE Y | BRI ER ORI Z
INDELNDERMBSH Y LT A S, RZRITIE
DHFEF~L MRI OFEKO, KEE THEL S - TG
EHWTHW R T b0 L BnET,

M 5-9 3B AEE DR T, IRILDOFHEDP B~ 7287
N DR L) . ZOFDLIEROREEREENT
<NHLDOEWFRFLET,

MR B & hix ., MMEfO~Aay hxy T 7 X —T
B HYERDN S DHNRART LTz, MEFEEDRGE )
DOFECHIN D DEEIZEIE X LT, SHFEIMERG
WS HHANT v TERRFTELE LT, REL I RTENTE
T, ERL L= 500 fH1Zdh > & W HIcsEE LE L,

IR SEFR
YA4I X H7
i£&3T%!

BB :10/27 (£)12:30~
15PN © YniERRSERR AR 6 BES 2
FEERG R B

[AE/IEMES ]

ERESHE (MR THISh SRS IR
(NMR) (. 183455 5 FHEEE N Y.
ENFOAE ORFHERSEER

AFRTEHYET,

S MEWTE S NMRTE S,
BHRLEAL Y BB ET SR kR
BALET,

Questions in
English welcome
(lecture in Japanese)

ISSP ;
Science Cafe

Free coffee
and snacks !

Time : Saturday, October 27, from12:30
Place : 6th Floor of Main Building (A}
Speaker : Professor Masashi Takigawa

“Spins around”

The nuclear-magnetic resonance (NMR)
becomes a common tool for structural
analyses including medical diagnos-
tics (MR1), while the researchers
make use of NMR to visualize the
hanical behavior of
tha spin in elementary particles.
On this special occasion,
intriguing phenomena of the spins
interacting with the magnetic field will
be introduced.
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8 : On Ising’s model of ferromagnetism
HIKf : 2018 4F 12 A 5 HOK) “F#& 4 Ri~F# 5 Iy
5 - DR ARES 6 B K (A632)

%l : Prof. N. Peter Armitage

)% : The Johns Hopkins University

The 1D Ising model is a classical model of great historical significance for both classical and quantum statistical
mechanics. Developments in the understanding of the Ising model have fundamentally impacted our knowledge of
thermodynamics, critical phenomena, magnetism, conformal quantum field theories, particle physics, and emergence
in many-body systems. Despite the theoretical impact of the Ising model there have been very few good 1D realizations
of it in actual real material systems. However, it has been pointed out recently, that the material CoNb206, has a
number of features that may make it the most ideal realization we have of the Ising model in one dimension. In this
talk I will discuss the surprisingly complex physics resulting in this simple model and review the history of “Ising’s
model” from both a scientific and human perspective. In the modern context I will review recent experiments by my
group and others on CoNba206. I want to give some perspective about how those of interested in the physics of
condensed matter can go searching for material systems that are realizations of particular Hamiltonians. And I will
show how low frequency light in the THz range gives unique insight into the tremendous zoo of phenomena arising in
this simple material system. It is remarkable that in a system as simple as this quasi-1D chain, analogies to
phenomena and mathematical structures as diverse as quark confinement, quantum number fractionalization,

Majorana fermions, Airy functions, and a 248 dimensional Lie algebra(!) can be found.
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R : LASOR &3 J— : Bt 3 J-— : Multistep nonradiative decay pathways of biomolecules
HIf : 2018 4 11 H 6 H(K) i 4ARE~T %5 K
5 - DrtEWR i AREE 6 B 55 5 23 J—5(A615)

A R 1
kg : B KSR ZE T
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Nonradiative decay (NRD) processes such as internal conversion (IC) and intersystem crossing (ISC) govern photo-
functionality of living systems such as the photostability of the DNA, phototaxis, visual perception etc. Understanding
this complex NRD pathways of biomolecules should help us develop bio-inspired photo-functional materials. In this
talk, we will share our recent theoretical works on the multistep NRD pathways of biomolecules in gas phase with the

aids of pump-probe experiments:
(1) Structure dependent photoisomerization routes of cinnamate based sunscreens1,2

We found that the structural isomers of cinnamate based sunscreens undergo trans — cis photo-isomerization under
UV irradiation but differ in the isomerization pathway (ISC or IC) 1,2. These results suggest that controlling the

substitution position is essential to design the cinnamate based photo-functional materials.
(2) Ultrafast nonadiabatic cascade of XUV excited caffeine molecule3

We also found the XUV excited caffeine molecule undergoes a nonadiabatic cascade via ~100 highly correlated mono-
cationic states. These results show that both nonadiabatic coupling and electron correlation are the keys for ultrafast

reaction dynamics in the highly-correlated electronic excited states.

References :

[1] K. Yamazaki, S. Maeda*, M. Ehara*, T. Ebata* et al., J. Phys. Chem. Lett. 7, 4001 (2016).

[2] S. Kinoshita, K. Yamazaki*, M. Ehara*, T. Ebata* et al., Phys. Chem. Chem. Phys. 20, 17583 (2018).
[3] A. Marciniak, K. Yamazaki*, F. Lépine* et al., J. Phys. Chem. Lett., submitted (2018).

*Corresponding authors

PR : B X J— : Augmented multipoles and their applications
Hi 2 2018 4E 11 H 9 H(&) "FRAM~FR 5 I
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#fl : Hiroaki KUSUNOSE
Wii&@ : Meiji University
e
Magnetic dipole is a source of magnetism, and an electric charge and quadrupole are responsible for charge and
orbital orderings, respectively. Such fundamental degrees of freedoms, described by electronic multipoles in general,

play important roles in phase transitions and emergent responses under their orderings with broken symmetry. So far,
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multipoles are mainly discussed within single species of orbital at single site, in which only even-parity multipoles can
be activated [1].

Recently, we generalize a concept of electronic multipoles in two ways: (i) a cluster multipole, which is defined in
sublattice systems [2]; a particular alignment of magnetic/electric dipoles in a cluster can be regarded as an inter-
atomic multipole, and (i1) a hybrid multipole, which is defined in multi-orbital systems. These extensions allow us to
consider odd-parity multipoles, and electric/magnetic toroidal type of multipoles in addition to ordinary
electric/magnetic multipoles, which are essential for cross-correlated phenomena such as magneto-electric, magneto-
elastic responses, current-induced magnetization (Edelstein effect) and so on [3].

I will talk about the concept of augmented multipole, and peculiar electromagnetic responses under their
spontaneous orderings [4].

A series of works has been done in collaboration with S. Hayami, Y. Yanagi, Y. Motome, M.-T. Suzuki, R. Arita, T.
Nomoto, M. Yatsushiro, M. Naka, and H. Seo. These works were supported by JSPJ KAKENHI Grants Numbers
15K05176, 15H05885 (J-Physics), and 16H06590.

References:

[1] Y. Kuramoto, H. Kusunose, and A. Kiss, J. Phys. Soc. Jpn. 78, 072001 (2009), and references therein.

[2] S. Hayami, H. Kusunose, and Y. Motome, J. Phys.: Condens. Matter 28, 395601 (2016), and references therein.
[3] S. Hayami and H. Kusunose, J. Phys. Soc. Jpn. 87, 033709 (2018).

[4] S. Hayami, M. Yatsushiro, Y. Yanagi, and H. Kusunose, Phys. Rev. B (in press), and references therein.

B MG 2 ) — B TR K SRR O IR I BV 5 — i
HIf : 20184E 11 H 12 H(H) & A R~F1% 5 Iy
5 - eSS ASER 6 B 55 5 23 F—55(A615)

aighill @ R K5
A @ RECRYE LAERIUEFERE P LoF sl
HiE:

TANEBORE - BRITV A WKL T OWBOFERIGFEAFIREL T2 & & bIT, VA VETRITFEOH LR
MRERTEDAMREMNR D D, 29 LETANEFIFFAERBERONREHIE LT, VA NKTOBMREICRBIT AT
NWETRENDD[1,2], WA FNEFRFIL, EFROIIIESETIZAE LD 2 LN TPHRENTEY[2,3], EERICESE, Y
ANS T 47w 7 BBBOBERHPEICE O THRO TR L E LAVBRIAB LT D, — 5T, 29 LIZWED
ZUTTAN » a—UHER T -V I R3e 57 L, BN VA NVET LT8R D, FTH Cd3As2 1Z7 = /LI M
TATvT - J— Kb RELEEN, £ETOT 4Ty 7 « J—RKB—207 2 VIMIZEENTND, IZbMbT, Z
FTOTHIIK LT, BTRE EFE LRWADOHBESIEPIABIR S h TV 5 (4],

IHLEEROERELH Y, BT LB LM RISH O BRI AT R AT DIV TN D Y, R L B L

TREK IO F I T, 2O RIEE 2R 51213 E > TRV, Bx I3RGE, Son HIZ X - TIRE S hi-#E
HGHE L - BERET 5 2 & T, #EHIERICE O TR E T R & B LS Berry IR Qk & VW TE
FTENDHRT PV Wk=QkX(VkXB) &85 = & CHBMICHMFTE S Z L2 A LE[Bl, AEIF—TiE, 2O Wk
KL ERILEHA L, ZoBREANS Z LT ERO CdAs OREKIRILOERNE6]R type-TT U A W EERICEIT B

SHEHLO — AP [B] Y BRI B C & D & & T 2o

[1] A. Vilenkin, Phys. Rev. D 22, 3080 (1980).
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[4] S. Nishihaya et al., Phys. Rev. B 97, 245103 (2018).
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[6] H. Ishizuka and N. Nagaosa, preprint (arXiv: 1808. 09093).

i EREBRRRlEE I — 1 2018 4EJE 3 2 Il : Calorimetric measurements in extreme conditions of
magnetic field
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a%fli . Prof. Christophe Marcenat

)& : CEA-Grenoble (France)

I will present recent improvements of modulation calorimetry technique. Such improvements leads to both a very
high relative sensitivity (typically 1:10*4) and a very good absolute accuracy ~1 to 3%. I will illustrate the new
possibilities of these instrumental innovations using recent results on superconducting cuprates, on graphite in the

ultra quantique limit and on Lifschitz transitions in UCoGe.

B B0 > T 4+ — )3 J—  Modelling finite temperature effects in rare-earth/transition-metal
magnets from first principles

HIF : 2018 4F 11 A 13 H(K) P& 4 i~ 5 Iy

S - MPEREROASE 6 B 55 5 23 —%(A615)

%Ml : Dr. Christopher E. Patrick

k& : University of Warwick, UK

H®E:

The unrivalled hard magnetic properties of rare-earth/transition-metal (RE-TM) compounds have inspired decades
of research aimed at understanding the physics underlying their excellent performance. From the theoretical point
of view these materials present a number of challenges, particularly to first-principles methods based on density-
functional theory [1], due to (a) the complicated interplay of the itinerant d-band and highly-localized 4f electrons, (b)
the ferrimagnetic nature of most RE-TM compounds and (c) the importance of temperature in realistic operating
conditions. Here I will present some of our work modelling these compounds, including use of the self-interaction
correction to model the RE-4f electrons [2], the importance of including ferrimagnetic effects when comparing to
experimental measurements of magnetic properties [3], and our attempts to capture the competition between RE and

TM magnetic anisotropy at high temperature which can lead to spin reorientation transitions.

[1] B. L. Gyorffy et al., J.Phys. F 15, 1337, (1985).

[2] C. E. Patrick and J. B. Staunton, Phys. Rev. B 97, 224415 (2018).

[3] C. E. Patrick et al., Phys. Rev. Lett. 120, 097202 (2018); C. E. Patrick et al., J. Phys.: Condensed Matter 30, 32LT01
(2018).

*This work was performed as part of the PRETAMAG project, led by Professor J. B. Staunton. PRETAMAG 1is funded
by the United Kingdom Engineering and Physical Sciences Research Council, grant number EP/M028941/1.
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e : LASOR t 2 J— : Nanomagnetism using polarised soft X-rays
HIE : 2018 48 11 H 14 HOK) P& 4 g~

S5 - OIERETEAREE 6 B 35— =ik (A636)

#fh - Sarnjeet S. Dhesi

& : Diamond Light Source

HE:

Nanomagnetism and spintronics are ubiquitous in our everyday lives so that manipulating magnetic order on ever
smaller and faster scales has been a huge endeavour over the past few decades. With the advent of low-emittance third
generation synchrotron sources, producing brilliant polarised x-rays, unprecedented site and element-selective
insights have been gained into nanomagnetism. At the Diamond Light Source synchrotron, electron microscopy
combined with polarised x-ray spectroscopies allows high-resolution imaging of strain and electrical effects on
nanomagnetism. In this talk, recent results using PhotoEmission Electron Microscopy (PEEM) combined with X-Ray
Absorption Spectroscopy (XAS), X-Ray Magnetic Linear Dichroism (XMLD) and X-Ray Magnetic Circular Dichroism
(XMCD) will be presented.

Antiferromagnetic spintronics aims to exploit zero net magnetic moment materials as efficient generators, detectors
and transmitters of spin current. PEEM, with magnetic contrast arising from XMLD, has been employed to directly
image changes in the antiferromagnetic domain structure of CuMnAs [1] after electrical rotation of the magnetic
moments. The XMLD-PEEM images are correlated with in situ Anisotropic Magnetoresistance transport
measurements [2,3].

XMLD-PEEM imaging has also been used to directly visualise the antiferromagnetic domain structure of epitaxial
(111)-oriented BiFeO3 (BFO) films. Angle-dependent XMLD-PEEM images are combined to reveal a sub-micron
network of antiferromagnetic domains (see Figure 1) that are coherently coupled to monoclinic domains. The
magnetoelastic coupling is found to stabilise the antiferromagnetic domain structure, providing a possible pathway
towards strain-engineering multiferroic domains in (111)-oriented BFO films [4].

Finally, I will explore electrical switching of perpendicular magnetism in Ni films grown on BaTiO3 ferroelectric
substrates. XMCD-PEEM maps of the in-plane and out-of-plane magnetization reveal a reversible transformation of

the out-of-plane magnetization in the Ni films under voltage control [5].

[1] P. Wadley et al., Nat. Nanotechnol. 13, 362 (2018).

[2] M. J. Grzybowski et al., Phys. Rev. Lett. 118, 057701 (2017).
[3] P. Wadley et al., Science 351, 587 (2016).

[4] N. Waterfield-Price et al., Phys. Rev. Lett. 117, 117601 (2016).
[56] M. Ghidini et al., Adv. Mater. 27, 1460 (2015).
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BE:F I)HA L AEIF—  FIYEVRONV HLEHOWAER-ZAE Y LNV TO ESR #
HIE : 2018 48 11 H 16 H(&) F#& 1 |f 30 20 ~"F#& 3 I
BT PEDRRPAR 6 B 55 2 £ 3 F —(A612)
W : TR
Jti& : Department of Chemistry and Department of Physics & Astronomy University of Southern
California, Los Angeles, California, USA
i
Nuclear Magnetic Resonance (NMR)<° Electron Spin Resonance (ESR)#:7: & ORIKILIEEIL, B, BEIRSOFE
OFRZE W3 IERAL, FEEREN TE, JRT LU TOMERERCIR T « 0 T2 B0 B MRMERRLHEffcx 5 2
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W1 & T 0y FREIEIRT-OREE 2B L DB 72 E 2 B — 03 F L~V TIT ) ZENATREIC R D 2 EL S DIEARE 2 b D,
Nitrogen-vacancy (NV)H.la %, ERIF T LR ST ZHD0HD XA ¥EY FETOHFIHFET D HMEAMY) T H
0. @REPOFIREEFRERERE o — & LTOHARHIMRF SN TVD, AR TIENV LDz =—7 Y2
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HE:

T~ A 7 155l (Cosmic Microwave Background = CMB)O&IINL., HEAET 2 M+ 5 E TR 28%E% 1
7oL T& Tz, —C, BEFHRBOBN TR TE RV E UTTFHOMIEOR, HFERREEE, SFHEEe &35 - T
Wb, A7 Lb—va AT I D OMEE — IR T 58 E L TRBEN TS, ZOEGRIXZVE TO/M &
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L—a VHRIZE D RUAEIEIC L0 CMB RYGIC) U TR e 2832 — 0 (B £— R) 253720, FHEBMNZ LY
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RICEFRBROBR 2D TND, KEHTIE, A7 L—a 2SR NHTER. £7- CMB FXCBLI 25t 0BlA
EEDTHNT S, £/o. TOFRTHRHIC L=V =2 =Y 7 7 A TR OIS S BT 27 A M T.A2EMT 5,

BERE : BGRE 2 0 — ¢ LR & VAR B & O - AL & AT B S DB
HEF : 2018 4E 11 A 20 H(K) k4 W~ 5 1§
i : Dy TEBEAEE 6 B 55 5 23 —%8(A615)
E A T
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EHE:
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Wb LICEZLD, LinL, EWENEZ 5 E BT 7ZOICAEMIC Grand canonical 723 Z 72 < TRERNZD,
WEFARFHICHEEA S Z LM b Tz,

T2 13 LB BOE O FH IR B R & M A A R T FIE(ESM-RISM i) 2 W5 2 & ©, EREN & BT bR T v
VX NVEMEESEDLZ ENAEETH D EER LT, [1] B —Tik ESM-RISM i [2] ORNEZEEICHA L, F
DHIUSHEGI L LT LiA A BMO ST 7 7 A4 N REOBMBEIG [3] OTFEREZRNT 5,

[1] J. Haruyama, T. Ikeshoji, and M. Otani, Phys. Rev. Mater. 2, 095801 (2018).
[2] M. Otani and O. Sugino, Phys. Rev. B 73, 115407 (2006); S. Nishihara and M. Otani, Phys. Rev. B 96, 115429 (2017).
[3] J. Haruyama, T. Ikeshoji, and M. Otani, J. Phys. Chem. C 122, 9804 (2018).
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HELL 9 2RAOHER & /o7, Z OfEFICEET % USPEX OMEEEROZUIETH 528, FdbHELEbichk+ 5=
FNR =2 —id, BHEBEERBE O R — R 7 — WD L RE WD, EERE— D b Tl S -k
IS B, B LW DR R~ L DN D ATREEIE 22 H 0 . RIFRIEZEDO—FlZ R LR E LTH a1
BRDOHLMEETHS D,

B BBt I J— : Collinear Anomalous Hall Antiferromagnets
Hi 2 2018 4E 12 H 5 HOK) “Fiii 11 BE~"F2 O I

B - R AREE 6 B 35 5 kX —%(A615)

#&fl : Dr. Hua Chen

g : Department of Physics, Colorado State University

#E:

It is now well established both theoretically and experimentally that the anomalous Hall effect (AHE) can exist in
certain noncollinear antiferromagnets with vanishing total magnetization. Using similar symmetry arguments, we
propose that the AHE and many related properties such as magneto-optical Kerr effect, anomalous Nernst effect,
orbital magnetization, etc., can also exist in many collinear antiferromagnets with symmetry-allowed spin canting.
Similar to the noncollinear case, these AHE-related effects will still be finite when the net spin magnetization vanishes.

We give two classic examples, NiF2 and alpha-Fe203, corresponding to different mechanisms for spin canting, i.e.
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single-ion anisotropy and Dzyaloshinskii-Moriya interaction. Although these two materials are good insulators and
may not be easily doped in order to measure the AHE, the discussion is general and can be applied to many other
canted antiferromagnets. We construct minimal models with spin-orbit coupling terms compatible with these canting

mechanisms and discuss the similarities and differences between the collinear and the noncollinear cases.

B BRI —  FYTTRTFAE VBRI B T 5 8RR & RS R
HIRE : 2018 4E 12 A 10 H(H) 7P 11 BE~7F4% O kg

B OPERIFCRARES 6 B 55 5 3 —%(A615)

A i
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MR £ TS 2R SR WEF AV UHRIKIE P. W. Anderson (2 X AERGRIERUIME., B L2 104210d 7= o THEME
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PEHAEEDTEY ., S5, AV HIEH AR OROERREMER DS E OMWE & 720 155 2 L b (2], FEBR
AR IR T O TN D, BT A RIROBE R FHE L L COBEDFELZRITH 2N TE, ¥4 7 &
FAEURIBIZEBNTIE, BEFAE VR~ TR & 22 7TV~ 0Bt o Tn5b, Ziub D5y
BHRLT R E O X D IR RPREMEICHN D NEHLNICTH 2 13, BT A Y VRO FEEEZ ERNIORT EBE
TREFLIZ72 0 9 B,

ABFFETIX, ¥4 7 BAAE RIRICINIET 5 55k 1 D3 A 2 RS E B OV D < Rt iR RIS ZE A 2 ST
DRSNREW SN T D71, AR ¥ = 7R 2 3R L L CEMREE A F R L, S BICZ OB A T~
oo P BB/ NSWE XOBENART T —FE AV CHRIBEOBMIEE ZFH L, TOME, A5 L -
THELB~ITTHRITRO bR a PRI L 72 7 —VHORS N, FRRABGR— VREE DR EZb & LW
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[1] A. Kitaev, Ann. Phys. (N. Y.) 321, 2 (2006).

[2] G. Jackeli and G. Khaliullin, Phys. Rev. Lett. 102, 017205 (2009).

[3] J. Nasu, J. Yoshitake, and Y. Motome, Phys. Rev. Lett. 119, 127204 (2017).

[4] Y. Kasahara et al., Phys. Rev. Lett. 120, 217205 (2018).

[6] Y. Kasahara et al., Nature 559, 227 (2018).

[6] J. Nasu, Y. Kato, Y. Kamiya, and Y. Motome, Phys. Rev. B 98, 060416(R) (2018).

Bl - BBt I J— : Theory of Multipolar Kondo Materials
HIf : 2018 4F 12 12 HOK)  F#& 4 Wi~"F#% 5 Iy
S - MPEREARE 6 B 55 5 &I —2%(A615)
%Ml © Yong-Baek Kim
Jig : Department of Physics, University of Toronto
®E:
The standard Doniach phase diagram of Kondo materials or heavy fermion systems often assumes Kramers-doublet
local moments coupled to conduction electrons. On the other hand, there exist a class of materials, where the local

moments carry multipolar moments due to their non-Kramers nature. In this talk, I will describe a theory of Kondo
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materials with multipolar local moments using the example of PrTi2A120 and PrV2Al20 systems. Here the local
moments at Pr sites carry quadrupolar and octupolar moments. I will present a general Landau theory for the
multipolar ordering in such systems. Further, I will explain how magnetostriction, the length change of the system
upon the application of external magnetic field, can be used as a power tool to detect multipolar ordering.

If time permits, I will also describe recent theoretical progress in understanding the multipolar Kondo problem,

where new renormalization group fixed points may be found.

B ) )Y 12 A3 J— : Structural reconstructions and emerging interface spin textures at (111)-
oriented epitaxial perovskite interfaces

HEF : 20184 12 H 17 H(H) P& 1 BE~F% 2 Iif

S - MERE AR 6 B 55 5 &I —9(A615)

#f : Prof. Thomas Tybell

P& : Norwegian University of Science and Technology, Trondheim, 7491, Norway

¥E:

Perovskite oxides are technologically interesting because of their strong structure—property coupling, with
interesting functional properties ranging from ferromagnetism, ferroelectricity to high-temperature superconductivity.
Here I will give an overview of our work on synthesis of atomically smooth (111)-oriented oxides and discuss the effect
of crystalline facets on their physical properties. Of special interest are structural effects at epitaxial interfaces
promoting novel functional properties. To address this question (111)-oriented epitaxial heterostructures of
antiferromagnetic (AF) LaFeO3 and ferromagnetic La0.7Sr0.3MnO3 are used as a model system. To probe the
interface spin texture, we rely on a combination of soft x-ray spectroscopy, neutron reflectometry, magnetometry, TEM,
and DFT investigations. By increasing the LaFeO3 thickness, a change from out-of-plane to in-plane AF spin axis
takes place above 16 d111-layers, below which a magnetic interface reconstruction with a net switchable Fe moment
of LaFeO3 is observed when deposited on SrTiO3. By using orthorhombic substrates, the magnetic anisotropy of the
reconstructed interface can be controlled, from 6-fold when deposited on cubic SrTiO3 to 2-fold. In the presentation I
will especially focus on the importance of the interplay between local AF order and concurrent structural
reconstructions at interfaces to establish a magnetic reconstruction, opening for tuning the AF-spin texture by

interface engineering.

References:

Phys. Rev. Materials 2, 014404 (2018).

dJ. Phys.: Cond. Matter 30, 255702 (2018).
J. of. Appl. Phys 124, 185301 (2018).
Phys. Rev. B 96, 094109 (2017).

APL Materials 5, 086107 (2017).

Phys. Rev. B. 95, 064109 (2017).

Phys. Rev. B 94, 201115 (2016).

Crystal Growth and Design 16, 2357 (2016).
APL Materials 3, 062501 (2015).

J. of Appl. Phys. 113, 183512 (2013).
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B BIERC 7 A — IV IJ—  Emergent O(4) Symmetry and Signatures of Deconfined Quantum
Critical Point in Shastry-Sutherland Lattice Material SrCu2(B0O3)2

HIf : 2018 4F 12 H 18 H(K) FiR 4 kg~
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%M : Jong Yeon LEE

s : Harvard University

L=

We study the possibility of a deconfined quantum phase transition in the two dimensional Shastry-Sutherland spin
model, using both numerical and field theoretic techniques. We argue that the quantum phase transition between a
two fold degenerate plaquette valence bond solid (pVBS) order and Neel order may be described by a deconfined
quantum critical point (DQCP) with emergent O(4) symmetry.

Further, using the infinite density matrix renormalization group (iIDMRG) numerical technique, we verify the
emergence of an intermediate pVBS order, between the dimer and Neel ordered phases. By analyzing the correlation
length spectrum for different orders, we provide evidence for deconfinement and emergent O(4) symmetry at the phase
transition between the pVBS and Neel orders. Such a phase transition has been reported in the recent pressure tuned
experiments in the Shastry-Sutherland lattice material SrCu2(B0O3)2. The non-symmorphic lattice structure of the
Shastry-Sutherland compound leads to extinction points in the scattering, at which we predict sharp signatures for
DQCP in both phonon and magnon spectra associated to the spinon continuua. Our result would guide the

experimental search for DQCP in quantum magnets.

FiRE - T2 2 J— : Solid Transformation and Post-synthetic Modification on Metal-Organic Frameworks
HIf 0 2018 4E 12 19 HOK)  F#& 4 Wi~"F#% 5 Iy
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a%fl . Prof. Ming-Hua Zeng

JilE : Hubei University

®E:

The chemistry of metal-organic frameworks has experienced an almost unparalleled growth in the past two decades
driven by their rich functions cover a wide range and potential industry applications as high-capacity adsorbents. The
talk will introduce different ways to rationally modify the structure and function of a MOF with established structure
through three main parts: (1) Some interesting MOF's exhibits good stability, high loading and quick uptake of iodine.
After iodine inclusion, the resulting guest changed MOF's process fascinating properties in conductivity and nonlinear
optical properties. (2) Tandem post-synthetic reactions were applied to well modify the structure of precursor MOFs,
leading either entirety or surface modification as well as great changes in sorption and magnetic behaviors. (3) A
sequential perturbative approach to unrestraint metal coordinative environment in MOF crystals was built and thus
enabling the glass formation under mild condition and reticular tuning of glass properties. The new strategies would
provide useful guidelines for screening functional glass from the abundant databases of MOFs, which may open an

area of research with fundamental and applied importance.
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Reference

1) T. Uchida et al., Transmission electron microscopic observations of nanobubbles and their capture of impurities in
wastewater, Nanoscale Res. Lett. 6 (2011) 295.

2) T. Uchida et al., Effect of NaCl on the Lifetime of Micro- and Nanobubbles, Nanomaterials 6 (2016) 31.

3) T. Uchida et al., Ultra-Fine Bubble Distributions in a Plant Factory Observed by Transmission Electron Microscope
with a Freeze-Fracture Replica Technique, Nanomaterials 8 (2018) 152.

4) T. Uchida, K. Yamazaki, and K. Gohara, Generation of micro- and nano-bubbles in water by dissociation of gas
hydrates, Korean J. Chem. Eng. 33 (2016) 1749.

5) T. Uchida et al., Gas Nanobubbles as Nucleation Acceleration in the Gas-Hydrate Memory Effect, J. Phys. Chem. C
120 (2016) 26620.
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Lieb-Schultz-Mattis-type constraints
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k& : Boston College

®E:

It is known that certain symmetric gauge theories can only exist on the surface of a higher dimensional symmetry
protected topological (SPT) state, in which case the symmetric gauge theory is termed anomalous. The anomaly class
of such a gauge theory is represented by the bulk SPT index. Given an anomaly class, what kinds of symmetric gauge
theories are allowed? Based on physical arguments and tensor-network constructions, we point out a sharp
mathematical relationship between the symmetry properties of Abelian gauge theories and the anomaly class: the cup
product. When the physical system hosts Lieb-Schultz-Mattis-type constraints, which is a specific type of anomaly
class, our result sharply determines the physically allowed symmetric gauge theories as the preimage of the cup

product. Various examples are given as an application, including the computation of physically allowed skyrmion
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quantum numbers in various Neel states in 2+1D, and gauge charge/monopole projective representations in U(1)

quantum spin liquids in 3+1D.
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[2] Y. Kuramoto, H. Kusunose, and A. Kiss, J. Phys. Soc. Jpn. 78, 072001 (2009).

[3] H. Kusunose, J. Phys. Soc. Jpn. 77, 064710 (2008).
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[6] S. Hayami and H. Kusunose, J. Phys. Soc. Jpn. 87, 033709 (2018).

[7] S. Hayami, M. Yatsushiro, Y. Yanagi, and H. Kusunose, Phys. Rev. B 98, 165110 (2018).
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