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A BERBIZBIT DA BRE L AU
HRMEE GO RBIERIRE RTH=1 2 hr=s ARt 5 — FEAT)

BRICE T AL ROYMETR RO EN B L TR Y, fx OFA RENFEERT D,
ZD—BINHKRTF 2D WRIEHA B TH Y . =%V F v 7 REEIC K 5
ERREE SRS LD, T KD RIRMEE RIS 5 51k & LT IERITEMEERE A H
ENTET, KRB THXITHREA Y Y b =7 AOEBRFINZIERT 5 2 & T, BT
T2 A UHRAEHEOHRIV)OF vV 7 & LT RITALY ) v ERHAETHDL Z &
R R L[,

—WILEF A REKITE A RIEOMAFTH Y | Z OB DFRHE N A B
) ThbH, AE URHBITHE D B - IERAHEEZ R T H O & LT, o & 2IEE v MiERIE
SraCuOs NEHI SN TV D, FixlE SraCuOsIC A B P —_ oy 758 (B R B i AR,
WM THZ LT, A s AV RO EREL 2R T2, T OFER, SroCuOs/Pt
TEREIZBWT, Pt OWAE U R— AR (A Y U -ERA BRI T 5 EEE S
ERIMT 52 LRI LTz, 2 OBEE B O &2 ER - ERRo M biRitd 52 &
T, AV U v U TIIRENIC —IRICAE ) U Th D | AR D A U CIEFERR R4 HEl
Lig72nWZ &R LT,

DT, AV RERIEIZE T 2 LR A RESE 5700, B lEFEREZED D
Kitaev e o -RuCls (275 H L7-, Kitaev #/X honeycomb #1 ED&E =3 /3A
AL LT Kitaev 2% 2006 fFIZEHA L7 RGAIBMERIEIL CH 5, £ O IR TR
e A ARIRCTH Y | BHERRBIZRIE Z2 77—V LSS LT/~ 3 7 ki 1 Cit
WTEDLZENRENTND, ZOHARERL T DIKMENRE SN TV DLEMWED—>
2N a-RuCls TH Y, AHFFE2] TH & 1% o -RuCls (28T HMEEVRER ¢ Z#WE LTz, £D
TR, k OIREREMEN T 4 /) VHEDA A v - B — 7 O, Y7 — 7 #id & iR ER
WZIERT 5 2 & & AL Uz, R E L OBER LBV I ERS R & OxHRBEROFR ., 8L
HEEAESR OIRERFEN R 2 53 Ch - Th, MOV 7 & — 7 #&E 03 i I
HZEERMLIEZ ENG, VT E—IEORFENER D 7 + /Tl <, Kitaev
HAERICHRT 2ARE TH D Lffim LTz, 2 OMRIERI ORI & & EMERIC
AT 2,

LLEOWRZEE, BALKZFZO/NE 2 dZ, JIRIEITEIE) & SreCuOs 3k, B X OH T
RKOBHPFHFRESZ LY o -RuCls s 242 TH X | BULKZOBEIIEII7EE CTERZ(T-
TebDTHD, WET, BEEHAH (1 34) IZX o T, BEatUfERIC SV TideE
IERHERSR (RWORT) \ZRITEW -,

[1] D. Hirobe et al., Nat. Phys. 13, 30-34 (2017). [2] D. Hirobe, et al., Phys. Rev. B 95,
241112(R) (2017), [3] J. Nasu et al. Phys. Rev. Lett. 119, 127204 (2017).
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FRAITREVRIKIZE T H2FBHEFEA—ILHER
FOREEEL AR

TN DB HAE L 12 26 0BF A VRICBIT XX
TREAITIR, REREBRMEBICEFAY SRR LR EFAY Y Rva T
Tz VI F NSNS T EDRRENT WD, EEEL N= T A TE Y b
fofx A o-RuCls Tl 7h = 8 K TIRMBEMERRT 2 ~T b DD, INLL RIZB W TR
WK A T BEL R E Bl S, v 3 T T = v I A U O FEE
PR SN T WD, LILARRS, 3 77 7 = )b I A U gt ¥ 5120,
L0 EENRERTFENPLERAIRTHD, £OX D770, BR— LB EN
e —7 L LCHEB SND, BHICED MR a UV EICR O T
GNDAA TN~ T Ty VEREME O WHEOE AR Sh, 37
T 7 2 VI F L OBEBK[IBIFELREENS, BEFER— RPN SN0 D
Th b,

oz 1Fo-RuCls IZBW TR — VERANE 21TV, INEL EIZB W TR E 728,
R REEZBRIL, B RE L b —&THZLaWoMnic Lz, La
L7eR b, KRB O, & bE28T I3 E LR o7z,

—7J7. arRuCls [ZM45 7 16112 %f L TR G MEZ 7R L, HE S CIERORmE
BRFFIIRI CTh 5Ok L, WS CIIRS Tl SN 5, £z, Ko
% SEARITANH] X2 MBS MEIRIC B W C, B a i - mEAEER & RERL U 7 R R
IRRERIEE MEIR T H BRI SN TR Y . BIGHE A © IR AIRIE D B RIR
ENTWD, £I T, ZOMEGHEA L AREREBIZIBS W TR — LR %230
RB TN, MEEHIE T COREEIT> 72, ZHIZE Y . ENESEESIC L -
THROREJERRAEZ HIE LoD, HEMSGRHIIZ KV BR— /U8R OBLHIA AT
REL 72D, TOREE, BVR— N REENRGICH L C—ElZRL, &7 7
=% L7z, B R&Z LT, ToBEHMUEIL, BEE T R—LRIZEBWD
THIEESNDMED 255D 1 LpoT-, ZD K D Il E Bl — L2 B3,
2WILE T RDESHF—VRETHRIBIORLNEDTHY , T X T7HRIZE
28R T E KL, ~3 T T A TNy VEROGFENTRRIND, &
I @S TR — VRS E X & E DAL, I JFHEE LT, FAReYh
JZHBAZRIRIE~D MR a U AR S RIBR X5,
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Thermal transport in the Kitaev model
'Dept. of Phys., Tokyo Inst. of Tech., >Dept. of Appl. Phys., Univ. of Tokyo

Joji Nasu!, Junki Yoshitake?, Yukitoshi Motome?

M RIR £ TR 2R S 2V E A ¥ VAR IX P. W. Anderson IZ X %
MR R DK, B X2 iic 7z o THREYHAAED FH AR T —< D
DEDIZHEOTNS, TOREICIED 5L RRFEBDPEIEL 2N,
ZNHEDESDRED T 20 mE k> TnW5, TIETIE, ZDRE
ELTAREVYOTEAILPERH I N, ZRUCXoTHEU S 7 o)V i H
KU 72 WA T D LEEAD W 72 4R % 35 7 ED3FEERINICTIR S 1T n 5,
CDXD BRI KT 2720136 RIEEOHGHENSNEE 12 5
B, BT AE VIREOMWE 2GR T 2 DI ZE T SIRET
HDTEBHSENTNWS,

AL Tl EFAE LV OBHELRRETH 20 BIEZHS 2579, i

BICER T A ViREZ RRIREICR DXy = 7R (1] LT, BTFE
vF AN EkEREA L, BMEEEEREEL SR ([2], ZORBRITIE, B
FAEVDOOBALIC XK DAIF~ A 5 FRTBELD., ZNDEEES, HiEE
EEEX, HAEHO IRV F =27 = VICHIET 2IRETE -2 2FD,
W28 AT % EMEAMRIEEIXIZIFELL 20D, ok — BB Y 23
BIRE 2 DML T YT RTINS [1], L l1Z, TOBEDIWEIC
i < A UIERH RSk A2 R 22 R L2, 216 DRI,
ERIEEICBI 28T A VIRARORIEKESR E LT, ZRICHIET 2 A%
RIASFRFPEEEILTNWBHDTHD ., BF —IUEEEZHIET 3
ZEICX - T I T FRTROZDUIREDFAAE %2 FERWICIE R 2 Z &8
TE 5 MRS5S 3],

References:

[1] A. Kitaev, Ann. Phys. 321, 2 (2006).

[2] J. Nasu, J. Yoshitake, and Y. Motome, Phys. Rev. Lett. 119, 127204 (2017).
[3] Y. Kasahara et al., arXiv:1709.10286.
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BMAMGERAIFEMN T IR FL— MEEARTH DD T AETFNA € URNILY BB RIS
BETHLMAIGIBMIBFLRITRAEUANREMICIRES. LWDOPLIEFRE VKRIKKE
DEENRAFEINIHUMEARLE L TREIBEINTE -, FTHLETFP L ZTOHMELSRLEL
S=120RFZTOEEREZLRT IEBLELTUQN) T4 I vIREKDOZ, bARODAIL
BARGENBRUIREINTLDLDDRIZREIE DTV,

HEERENTEZEEDSI—AT. S=12TARFNAEURILY RaHEARDOEREE
DEBICDOVTHRAICHEMTONTE-, RLERFENMEBED—D&L LT, LEDEERK
FHRIZEROE—IVBEN RN S C EABREBERAILEG EZRAVN-E DN DERMMAE (FIZ
F[1-3])) D oMESINTLDIELEDD., CNLDE—IVHEENERRTEFEET INES P
ENoDERICOVTEZLDHELESIATINS,

COESIERRDFATEARIFS =12 hTAEFNAEURILY RGEEEAOBEREEDHE
B # Hams-de Raedt & (TPQ iX)[3-5] ZAWWTHNTE=, D Hams-de Raedt ;AT
T, EFECTAHALOEKEFIERGY EFESHELG EEIRLELT. F-HREFALEORAEE
ATKYREZLGARRZRY KL, AREETOMEEZ (XFHEICFHET S EMNARET
Db, HRIFAEVHMN 36 EFTORZIMY KL, BEERT TOLEDIRSE OB ER
FOREKXRGFHEDHMZEZRANz, TOHR. LBOEIE—UHNRSNDT/J=0.01 £\
BIEE T, ERAID ¢=0 LBRAID V3 x V302 DOEEHKFICETSHAREBEEI O
F—N—BEERHE L= [6], T=b &5 EYARF—/N—BEMET/J=0.01 TlL. &>oOH
DEEITFRAML— MEEARTERT S 1) VT REVKER] KRE[7-8) TRoNE, VY
REELNBNBERFICHIRT A2 EABALNCH =, BETIEIAETCOMERESOHE
BROFEMZHMEL DD, F£-H T AEMHYE TH S herbertsmithite[8-10] & DEE LR
WY Do
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How many spin liquids are there in Ca;(Cr;0,5?

Rico Pohle
OIST

CayoCr;,Oy is a novel magnetic insulator with spin-1/2 Cr’" ions on a bilayer breathing—Kagome lattice.
Exchange interactions in Ca;(Cr;O,g are predominantly ferromagnetic, giving rise to a positive Curie-Weiss
temperature of 2.35 K [1,2]. None the less, no magnetic order is observed down to 19 mK, making
Ca,(Cr;055 an unusual example of a two-dimensional quantum spin liquid [1].

In this talk we explore the nature and origin of the spin liquid observed in Ca;¢Cr;O5g, starting from the
microscopic model of magnetic interactions proposed by Balz et al. [1,2]. Using semi-classical molecular-
dynamics simulations, we analyze the evolution of spin dynamics in Ca;oCr;O,g in applied magnetic field,
and explicitly compare to published inelastic neutron scattering data.

To our surprise, we find that excitations encode not one, but two distinct types of spin liquids at different
time scales. Fast fluctuations reveal a “coulombic spin liquid”, seen by broad “bow-tie” features in the
magnetic scattering function [see Fig. (a)-(b)] which evolve in applied field into distinct “pinch-points”, as
known from the classical Kagome antiferromagnet [3]. On the other hand, slow fluctuations reveal a “spiral
spin liquid”, which can be seen in form of “rings” in the magnetic scattering function [see Fig.(c)-(d)], and
understood by a mapping onto an effective spin-3/2 honeycomb model [4]. These results provide a concrete
scenario for a spin-liquid behavior in Ca;oCr;Oyg, and highlight the possibility of different spin liquids,
existing on multiple timescales.
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Figure: Spin-Spin correlations in Ca;oCr;0,g seen by inelastic neutron scattering [1,2] (left column) and numerical simulations (right
column). (a)-(b) Cross sections at high energy reveal broad “bow-tie” features, reminiscent of a “coulombic spin liquid”, known from
the classical Kagome antiferromagnet [3], while (c)-(d) low energy fluctuations show “rings”, a characteristic signature of a “spiral

spin liquid”[4].

[1] C.Balz. et al., Nat. Phys. 12, 942 (2016)

[2] C.Balz. et al., Phys. Rev. B 95, 174414 (2017)

[3] D. A. Garanin and B. Canals, Phys. Rev. B 59 443 (1999)
[4] J. B. Fouet et al., Euro. Phys. J. B 20, 241 — 254 (2001)
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Spin—1/2 N—T T 72\ :|\\)( iiﬂﬁﬁz“ﬁ'fiﬁi CaCu3(OD)6C1206DgO
ICH T % ERERIEDE A

fRE—& 4. SEET S BOE® 5. B 5. hEBTF A BHBIEC
David J. Voneshen?, Gabriele Sala”, ¥AEHE £, HHEH ' BEZ— .
BATEA ANEFL BRI Y. fEER T
CROSSA. dbARzEE B, KEKC, ISISP. ORNLE, J-PARCY

CaCus (OH)6Clo-0.6H,0 1. S = 1/2 ® Cu2* 1 4 ¥ HEADRNH T AT EIUHT 55
Th5 [M1(a)]. 77T AHED hexagon O HFMIFERENEA A > D Ca?t 4 A VDFHET B0, A
BROD Jy & Jg DEET 5, EBE. BESEAAROERER®S J1. Jow Jg DEPZNZ DK
EFoTW3 [HM1(b)]. TDEIRATAKTIT Jio Jou Jg PEET 256, exiotic 7REEEIRTE
RENDZ LRI SNTWS [2]. CaCus(OH)gClo-0.6H,0 THEHALE & HaE T* — 7 K T
SHEM &2 R, HBTIE T-linear THAYR A TH D, Z OKUIEICHIEDRE 7205 [1],

41X SIS O Let & J-PARC ® AMATERAS 12 3\ 4 - #i i CaCug (OD)Cly-0.6D50
BT B T I LS BR 2 T TN T o 7z, FERTIE. CaCu3z(0OD)Cly-0.6D,0 THIH
X 7z spinon continuum DFEMIZ D W THE T 5,

[1] H. Yoshida et al., J. Phys. Soc. Jpn. 86, 033704 (2017).
[2] S.-S. Gong et al., Phys. Rev. B 91, 075112 (2015).

(b) s HTSE ]
5 _ Ji=522 (AF)
£ 4 Jo=—6.9 (FM)
3 Js=119 (AF)
E Lt
[1}]
L,
T
S [ -Bllab
% 100 200 300
T (K)

1 (a) CaCus(OD)sCly-0.6D20 DA T AHEDMERE L, Jy - Jo - Jq DESE [1]. (b) HASE
CaCU3(OH)6012'0.6H20 O)Eﬂ’ftgﬁt%(ﬂ%@% [1]0
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MEOBRFEFNAEURIVLTEROEREERLBTE

REXMtEsf, BRI A
ZEEAR. RUB—, WA

Br AR E AR TR O RBELRFEL, RAFEHN 7T A ML —vailk->T, i
ORI R 2§ T2 THhDH, ZOHET, BEFAEURIEDPREET S
TENMHIE SN TV AHEGREARLE LT IO LD A 1/ 20 RRENEE A B
UL TN D, Z ORI OIRIRBITRAFIZ O > TR DBIIZIIE SN TR D . K
BIFEDNECRNWZ CIRIEEHELTVWALDD, PO LI REZ A TOET AL L IRIENTE
BLTWDDIZOWTIRELEEZ L OGN H D FRRIIZIE > TRV, F2, BE N
HZ LI Ko T, Ba COMBNMOMICEK SN D Z LT, ZOBRTIXL/37 T K
—E2 LW OL DL T b—RBNnDZ ERMLENTWAS[1,2,3], ZOHFT, 1/37
T F—lT—FBWDIENT T h—THDHLOD, WEOTT7 h—LZERRY, 7T h—0DF
4 - IRBEG A CRUL OREHIRIFIEN B2 5 Z L MR SN TRV [3], ZOLEMNEEZED
TEL OEmP DD, LinL, 77 h—OARBEICHT HLZERN T T F—ifFTo
e EOBNFREOIRERFEIT, EROICT T v EERET 5 L CHEE RS
ZHELLT, KREHOEETH D,

AFER T BUERINC W8 72 A FRIREE IR DM T 2 2 Bl & IRRE (4] o k% AW T
MO LD NA B~V TR OWS T T OATRIREEMEE 2 T RIZ OV TR R
T 5, 36 A METOHEEZITV., FFIZ1/37 T h—IZkT 2 HRIBED IR &2 TR,
1/37°7 b — OB EE I L TREETH Y, — 5T, @B LEIERD 2 &
ZRELEZ, &5i2, B R —EE RO 21T > 7255, 2 OIEFr7e A IRIBE
hEIE, RS CHIET D RERMEIRICER L TWA Z EZH oMM L, ZORRIE
FEEREBICBW TR ENTWET T F—DR1# TOBAL OIS FHRB 2B K A & A
LTWAI[3], £72. ZD1/37 7 b—HE FICHFET D RE i iRICER L, g - =
o B =R TBEMEICOWTHREET D,

AW FROFH BT EFAE TR T DI Ny 7 —2 Th HHO [5, 6] & W TITo 72,

[1] S. Nishimoto et al., Nat. Commun. 4, 2287 (2013).

[2] T. Picot et al., Phys. Rev. B 93, 060407(R) (2016).

[3] H. Nakano and T. Sakai, J. Phy. Soc. Jpn. 79, 053707 (2010).

[4] S. Sugiura and A. Shimizu, Phys. Rev. Lett. 108, 240401 (2012).
]
]

5] http://glms.github.io/HPhi/index.html
6] Mitsuaki Kawamura et al., Comput. Phys. Commun. 217, 180 (2017).
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FAIORZBEERAOHR A ELBEROHE
K Rt GRALKE: KEBEEREAT SR

2006 FIHRE I N X = 7T W EL - S ER - BE R 2 S TR IA BT
TERICHIZERNED SN T\ D, X = 7RI o L S 2ARFE A ER M8 < D Bk Eo =
EUAERICH Y — BT 5 EEMEICE L SN DI H L O TR EE I 2 L AR
Thod, ¥ T7EAOLKRREIIA L OREBFRFEN KON A KK THY | FHF
DAY ARIRERMFFEA~DRE Z AT DXL F O BB Z B LI WE BB 72 ST
%o B II7ERE T A U EER BAEH O FHll L 72 4d/5d EREBILEY TH Y | LialrOs,
RuCls 72 EOWE ORENEDE NN TS, Fio, F X7 A RIKOFHE
EIZ~a 7R THLHRBBRENRTHY , FHETRELSCT v U #ELIC kD ~3 71
ﬁ@ﬁ%@ﬁ%@éhfné FFRMIC X Z =T A EIRE R NC MR e Y VR
BFEATTHTD i Bl 2 X SRR BB L > Cv a3 TR 2FIET 2 L3Rk B
f%@\%mﬁﬁ 272 o e BEIZIX B IR I E TR B e 525 B2 b b,

Foxld, X7 A HIKGEGHDE RuCls (2B LT, BXMAEA L 71/ Vv WtEIcE
H UM 2 HEE L Cx72(1,2], 2000, FERMIICA U ROFRF L i 2§43 5 =T
T, AV RUANAOHHBHELORELEHATEXRNTHAH LV RITh D, AGkHTIX
ZOREO MG a B LIz, BRI FFEIE. =0 2R AgsLilraOs OB,
RuCls AL 1T 2 ERR OBUKIZOWT O T 5 TETH D,

[1] T. Aoyama, Y. Hasegawa, S. Kimura, T. Kimura, and K. Ohgushi, Phys. Rev. B 95,
245104 (2017).

[2] Y. Hasegawa, T. Aoyama, K. Sasaki, Y. Ikemoto, T. Moriwaki, T. Shirakura, R. Saito, Y.
Imai, and K. Ohgushi, J. Phys. Soc. Jpn, in press.
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5% ) BAG T HFe-RuCl; OEIRIEE

- APERICHEIT S Kitaev i HEERODE -
ERXI #XK [E%®, & H—-5B

W D BLRE T BEMEAR o — RuCly, OB ZIBERAETIL, Ru A A NCHKT 2 G5 ER T — 2
Vb Tg= 1212, fEfEE D TSN D Kitaev FHAVER[1]2398 < @) < B cRik &1
LEEZBNTND[2,3]. a—RuCl ZFEMY; Tl Tn~ 7K LU T CHERBT 2797 [4]— 77
T, FEEME PP EGEL (INS) F2BR T Kitaev A B LRI A O Jih difes 4y O IR BE IR AEE 5,
OINBLHISIL TS, ZDZ Lnb, KWENEERHAEH O Kitaev A &R < I2A7
BELTWDEHFSNTWD., < ilt, MRBFFPERT 25 7T L EORIY N TR
I A Xy THRRLOD 57278912 &b, HiT-72 A ¥ LRI OO A REME S TE IS 2 3%
SN TND. o—RuClLITHT 5 A MK OREZITH L H D, HZ S D
FAEITIRAF U TRl Bz Kitaev BHORFF 503872 D70 Eigp it T 5.

AW Tlda — RuCly (2359 58— FEHAEOR R EZ I L TIREINT 4 DOHF R
AIN0-131ICHER L, £ b OB OBIRIPEE, B, §aOfEER 1 ORI AAE 2 Bt
AGIE TR L7z, BT RIRER L EFRER AL, ROZELEZW LML, T
bbb, 1) 4o 2 ORI KT R —REKURNE 2 EMERNCHAT 5 2 &, 2) KB
THED S > O BB E — 7 [S12 3T 5121, W oA § FlrhE Kitaev 2
INSWETFEEND. 2T, KR —REKURNE 2 50 3 2 A 2 L LB &
Y —7 28B4 5 X 5 RO HE Kitaev TH A FE ORI 24252 U7- 4258 U 78 1 3 350
55 F O HBDIR AR, INS EERFER[S,612 1L U, Bt ESR A7 FR]HED
TE Y EEM, EEMICHATELZ ENbhroT.

[1] A. Kitaev, Annals Phys. 321, 2

(@6 16 (b)6 0.24
5 s 022 (2006). [2] G. Jackeli and G.
y L ore  Khaliullin, Phys. Rev. Lett. 102.
2 o Es °'° 017205 (2009). [3] J. Chaloupka, et
3 3

012 a], PRL 110, 097204 (2013). [4] J. A.
008  Sears, et al., PRB 91, 144420 (2015).
[5] S. H. Do, et al., arXiv:1703.01081.

0o 5 10 15 20 o s 10 15 20
HIT] HIT] [6] A. Banerjee, et al., Science 356,
Polarized electron spin resonance absorption  1055-1059 (2017). [7] S. —H. Baek,

wy"(w) x wS(Q =0,w) for our effective model et al., PRL 119, 037201 (2017). [8] Z.
under out-of honeycomb-lattice plane field H. Wang, et al., arXiv:1706.06157. [9]
Magnetic polarizations A of probe are pointing to A |
(@) h* | H and (b) h® L H, respectively. - N. Ponomaryov, —at al,
arXiv:1706.07240. [10] H. S. Kim

and H. Y. Kee, PRB 93, 155143 (2016). [11] S. M. Winter, et al., PRB 93, 214431 (2016). [12]
R. Yadav, et al., Sci. Rep. 6, 37925 (2016). [13] S. M. Winter, et al., arXiv:1702.08466.
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TFUOIILEY FIT—DKIZEBFE2ITRAEVYEOHE
FORFR 1, FRWERF 2, RAMREE 1, 1| B 2

NaolrOs = Li2lrOs (2R S DA U 27 Ak, VT =0 MMEEW . -RuCls (X, 58V X

VUGB BEEN R E T oM A2 OFamEIC LV IEFEOERZED TS, ZAHDOWMET
1L, AIAE Y detr =1/2 8 ZIRITEN=T ARG L, AV A U OfICIX, MEEH O FIH

WIRKE L CRR DAY UGB AEENT 2, BAGM7ex 2 = 7 EEHNIRRFAEL TV D
EBEADLNTND, ZOXDRF X THANENOLRPFET D S=1/2 BT AE AT, 7
i7ﬁﬂkﬁihfkw Z DFEIRIEIT A B0 DRI 2 R IR T 2 /R S 7200 A IR
Wi (X2 =7 AR [ZR>TWa[1), —F, EEOWEIZIE, ¥ 2= 7HAFEMINZ
T, HFHWNe A B~V ZHEAERRC, R - SR BEAER . FExHE OF B AR SFE
LTEY, TNOOMEEMRICE Y XX 2T A AREPANELEL L, < DA, BKEFEN
HKIREETHEBLT 5,

REHTIL, 20X D7, ¥X¥THAENEMZRFO/N =0 2T WE & SFHIC, fix OFFBAE
%’ié%ﬁ%b@wm%%ﬁbkﬁ%%ﬁiﬁé SEFABSRIC KT 2N R FETH L &
FE'TANEZ X TRAEERNFET 2581203, Wb LA/ SRENRLEL 5720
FEEO LWERENTERY, Fxld, 20X 5 2R THRMICEERRELZFHE CE 2 FiEL
LT, EEREBOFEEBEEA T Y NVDODRNBY TRTT YRy NU—7EIZHER L, RIS
Tensor Product State (TPS), X (. Projected Entangled Pair State (PEPS) & IM:iEi 5 FHL 2 A
WEFEORBELED TE T, ZOT YRy NY—2ZELDY | F—RHEGENGEH I
NaclrOs DHN NIV b =7 2] RKERE A FHAR L7/ R, £ OMRR ToOREREN, FIR
T O RE AL TSI 0 IABFEO R R & FIERIC EBRTOBM & — 7 5 Zigzag RAET
HHZ LWL LI, ZHREAOKREISEaL br—LT 52 LT, EERESEEOR
R[ERFIRE~EZT 22 L b LBl T, ¥ 2 = 7HAEIERIZ. a-RuCls TX
B TH D ESND, ERAOMABERZMZ-HEERANCET S, T Y ry NT—=ZETO
FEAERLED TR L, BIEOWEIZBT2X X =7 A UBREOAEEHICOWTHERT 5 T
ETHD,

[1] A. Kitaev, Ann. Phys. 321, 2 (2006).

[2] Y. Yamaji, Y. Nomura, M. Kurita, R. Arita, and M. Imada, Phys. Rev. Lett. 113, 107201
(2014).

[3] T. Okubo, K. Shinjo, Y. Yamaji, N. Kawashima, S. Sota, T. Tohyama, and M. Imada, Phys.
Rev. B 96, 054434 (2017).
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INAN—/) FIAORBRFXEAITIOEBOEABRIZEITS
BRITHASFIRE ViBRIE~DEREERIGE®

EXI
ik B2

OB FICERSNEXF X 7REANL, 7T A FL— FEFRAY VRO AT
A, F &= 7HBNIER 2 70 ZFUL ORI A iEEZ R > 7 £ FIRIRFTRECTH 0, LIk
HHEEREBIZBWTREEBEA CUBRER W ERFEI RSN TWS. £, KT
A SIS IRDN— T BFET DA ITIT IR IR R KRB E TR 7 T+
— AMEIRNAFAE L, W HERTRED BRP i S IRE S 5. HRR, Rt O Bk 1
X 4 = 7 AN B TR B R ORIV E D A T VAV RIERBLN[2], B IRIR
B W THBEVEM & OIS 273 2 E N RH I TWA[3]. A TIE FRIOR
L72E 979U A M= Bd = Roeks 1 (INA /83— FTUKF) ~DF X T TR
ROYLIR L, B RN AT EZ i > T2 A TV A ARIKICIER T 5[4]. 1Z09
(& BIRBRIU, » Ty, J2), Uz » T J)ONTTER LU, R 0 F — A0 238 U7 [( ], »
Jor b VEUx > Iy, J2) EXRRPEDN DM TH D] A%
FREA 9V A MA—TICERSND 2, HHE
(flux) BT 2D THY, BFMBRBICEI - THE
IRHBINR ORI, » [ ))) TET T A R L —
voa UINEWETRIG ST DK LT, (J » -
J)TIETZ7 A R Lb— b LEEERIRE LN, FIR
IBEICBIT DB A RS20, 2 b0
RO T A ab—y g U EFEEL
7o, TORER, ARIEE A 7V A B RIKIEERE &
R L7, ZOEBIIWTNOLETH — R T
DM, IRIEARIZE T D flux Bl @ 13 TMmIRIC K -
THERRDZ LR bhoT-. AGEETIXZ OIRIEAIC
BT 5 flux B IC oW T bEmT 5. B2~ A /3= F T A 2 TR

[1] A. Kitaev, Ann. Phys. (NY) 321, 2 (20006).

[2] H. Yao and S. A. Kivelson, Phys. Rev. Lett. 99, 247203 (2007).

[3] J. Nasu and Y. Motome: Phys. Rev. Lett. 115, 087203 (2015).

[4] Y. Kato, Y. Kamiya, J. Nasu, and Y. Motome, Phys. Rev. B. 96, 174409 (2017).
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ERFTNAN—F T Z AU EDOFF = 7 ERNRT
“KIR” FHERRE O KEEEEFH BRI X 258

HWRKERERLERMER, Ivzrava—bL, MEge, R EE

BAEURE TRV E TR D 0L o TRIRIE £ CREEBER T2 M6 S CEBET &K
REDZ L ThHH[1], BFAEVIFENERL TWD I EDFELE L LT, BIROERT 2 ERMERRE
D OIRARIR E T, RIEFERTFIRE~DOHIEE NN W EXmE b T&Ez, L, &k
WEO=RZb e OT7 Fr Y= HIREREEIZH ST D &1 A B UK & KUARIRRBIS RIS T 5
PEIRRED MRS 3 BIAL D ATREME DS B> D FEBE, £ 5 LTCHREERE S IR/ A /= =) b+
FlZIRR SN 7c % # = 7RI W CIER L SN [3], ZOMERITZ, 7 7 v 7 AR T 5
N—T IO RS 72 IR BE DO P UiA® - JERA LIADEERE & LTS5 ([3]. LaL, 29 Lz
B A RN EE~ O IRIBEFES IS FI 3 72 < RN E STV,

F 2 TAMIETIE. 20X ) RAHEEBE S ORI TS 47
ZERT D AT, ZRIENA N—F 7 2T 4T (K 1)
TICER SN 2 7 B [4] 93RS A TR A R \Qxfﬁf
Rf, AT F T2 NI AVERICESNERTE LT !
ey alb—ya YBUTMAT, 7 —rBEgEIcEkS
WS EARBIES| 2 M 5 2 & T, 2000 ¥ ML
DR ERFRE TR ARG EEZIT > 72 6],

ZOFRER, NAN—F 7 X TR DEGEICH, IR
HRMEIRTE & RIE OB T A B IR ORI A TRIB 55
WFHETHZEaAMLT[6]. B, Z,7T v 7 ADHED Y &

&, Wilson V=T D =0OYBEIIBL T, RHVEY A g1 g gy H ST
ZHFZATH 2 LI XD MHIERBIRE ZRE R SIRE L,

NANR=F 7 Z A NgA EOFZ = 7RI OERBIRE I ANA N— =0 DS EO S DO LY HIK
WZ EEHALMNC L, ZOREIEL, —o0RBIZBIT57 7 v 7 AKX ¥ v 7O KANBER & BEEA]
F5ZERTED, SHIT, NA =47 8 AT LORFIBROBR Z#iHwm L. Zhs A
R A= N BT DD —HT 52BN L, ThLORERND, ZhAHDOZRTF
5 T R RS A BRI FEE R I R L7 A I = R AIC L > TR X - SR TWAZ & & 65
Wz L7,

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

[2] A. Kitaev, Ann. Phys. 321, 2 (2006).

[3]]. Nasu, M. Udagawa, and Y. Motome, Phys. Rev. Lett. 113, 197205 (2014).
[4] M. Hermanns and S. Trebst, Phys. Rev. B 89, 235102 (2014).

[5] A. Weisse, Phys. Rev. Lett. 102, 150604 (2009).

[6] P. A. Mishchenko, Y. Kato, and Y. Motome, Phys. Rev. B 96, 125124 (2017).
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n-electron Quantum Magnetism in Ionic Polyaromatic Hydrocarbons
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The field of m-electron superconductivity in carbon-based systems was ignited a few years ago
by reports of high-temperature superconductivity in materials obtained by reaction of alkali
metals with polyaromatic hydrocarbons (PAHs) such as phenanthrene and picene. However,
despite the flare of experimental and theoretical activity, the results have not been reproduced
and the identities of all compounds in this family have remained unknown, reflecting the
unavailability of phase-pure samples. Recently we have been successful in devising new
reproducible synthetic routes of ionic salts of PAHs under mild conditions that avoid the
competing decomposition of PAH molecules at high temperature. As a result, highly-crystalline
single-phase materials with variable oxidation states of reduced PAHs such as phenanthrene,
pentacene and picene are now available for structural and electronic characterization for the first
time [1,2].

Prominent among the new materials emerging from this breakthrough are the multi-orbital
strongly-correlated Mott insulating binary phenanthrene salts, Cs(C14H10) and Cs2(Ci14H1o) [1].
Whereas Cs2(Ci4Hio) is diamagnetic due to orbital polarization, Cs(Ci4Hi0) is a Heisenberg
antiferromagnet with a gapped spin-liquid state emerging from the coupled highly-frustrated A-
chain magnetic topology of alternating-exchange spiral tubes of § = %2 (Ci4H10)*" radical anions
(Fig. 1). The absence of long-range magnetic order down to 1.8 K (7/J~=0.02; J is the dominant
exchange constant) renders the compound an excellent candidate of a three-dimensional Mott
insulating spin-’2 quantum spin liquid arising purely from carbon n-electrons.

L

<

Spiral tubes

Frustrated [010] |

topology [100] Quantum spin liquid

Fig. 1. The left panel shows the packing topology of the spin-'2 phenanthride molecular ions,
which arrange in chains of vertex-sharing triangularly arranged trimers running along the b axis.
The right panel depicts the spiral magnetic tubes, which run along the ¢ axis. The middle panel
depicts the microscopic magnetic model for Cs(Ci4Hio) that results in a staircase-like 3D
interlinked arrangement of the characteristic motifs running along the 5 and c¢ axes.

References
[1] Y. Takabayashi et al., Nature Chemistry, 9, 635 (2017).
[2] F. Romero et al., Nature Chemistry, 9, 644 (2017).
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2 EVHEREERDOR VS FIHEAIC BT 28 TRk

BT BRI

RFRIKFE 7 EDBEILRIC K DR S N2 7 FHEEMAR TR, A VIEH ARG IR Z2UI ERE 13 xR
59, FBIWRE—XA Y FOUED S S g-IRATF 20513 L AT (g < 2.02, 3d BREETH
287 Eld g ~2.2), iU, STMEARDO 2 U HBIDEHNTH S I ER2HERL, L ZIEEAK
TRROFBIEAE Y 2y P 7 =7 2 b 00 FHEAROEIRIRGE L L THRIT 28T A EVIRIKDLE
iz BRI EEZ 6N TEK,

(Cation)[Pt(dmit)s]s (&, BFAE VIBRAEDBMYE TH % Pd(dmit), HHOHLEEZ Pd 225 5d &
BEETH 2 PtICEL ZERYEEETH S, ZOWHIZT = 160 ~ 220 K THEEARIC X 2 &Ei
BRI 2R T, ZUXERAHIZ HOMO & LUMO DIREIC &K 2 KE LNy Nz b o%E, KiH I
RO T 2 Ny FifigihTch 2 LS T&Ek, L, ZOYWED 13C NMR & 5—J{
PEGHELD & LT ORI R A2 372,

1. #ENESIEE Z R T EIH O A © U TFREMEE (1/T)) 28Ik AAE 3, OmIMEE v Hif

O HEWIEIREETD 1/ & RO S X OHRiEz o,
2. NV FEMRZITIBRICA EVLER G ZEA L 2 WEEICEK L Tw/z HOMO & LUMO IZA ¥
VLB AOEAIC LD AL, v MUBEREREAY FAEBIL . FOEBREFHLE S,
3. NV R IC & v 1/T 1ERE SIS 150 < T < 100K THREEISHRAE L 2203, T < 50K
T1Ty < THEET 2, JIUIBERIEED 7 2V 2574 7 78EHaE ) 2 L 2B R T 5, a
VAL =1 (1/TAT «<DOS(er)) 13t (dmit) HEOBIEHTOMDEITEES H D | JEEIH LB

MRz o Tn s,

s, FrodEMEIC 5d BRESREET S Z LI
10° T T T MeLSb[Pt(climit)z]gl 10* khizrteoTc4dr Z\)’lﬁﬁﬁ"f‘?}/’) %, Rz, ﬁ%‘l@%ﬁg@7"
S N a0y RFE (Ey b ¥ vy ) L 5d BRREITLED A E VL

Jeee o s se, o™ EMAERABE DI~ 03 eVREEEFSEIIL TS Z LIk
10° a 0. TCRO TR O BRR O #iPH 2 8 2 7- B IRE S
- ) CH BT EELLNSD,

NTHEROBEBFAE LV IEINEZRT 2000 FT1OD
S=1/2 22 AAL L) ITHIA T 5 ([Pt(dmit)s]
7E), THUIF A v—Fy MREFEIEN, ZHBEKEI L
% 1l SHEEAHBI DM A % v b7 — 7 23 % & < Gdid
, TEHIEDPHONS, Tk, PtItEZ 1AV H) 21d
P H$ % (Cation)[Pt(dmit)o], DA, A BV HLERGZE &

DEHITHATE EYEEZ XSGR T 2 L) ICR 2D,
4 1: [Pt(dmit)s)s OB L R £/, ZDLEIORCEFHUIIMD, Zaud, HEHERO

(wop) 1

BRI (BhRALER) BRI IEIR OFIE 2 M2, WHOBI L LT BRI,
S=1/2

X 2: ¥4 2—%Fy MERITOBETAYE
VOIRDY L 2o % 5d IEIEEE
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F—=TSh=REVBEHENTTRESRKE & ENFERER
K& (BT CEMS)

A RIS R B RAIMEE 2 R > T D7), X% U T R—=7I1C L > TEBIRIEN
FHLUBRIZ, AV EBMOBBENED L RIS ONFIIEAHRMETH S,
BEERAOZRAFZRIL 3 ORI DATONTEY . R—7 ENT A B UARKBHRE BT 5
EIRABEDOEIR TH B A REMN R SN TS, LiL, A ARIKNERACHER S
NTVWAYWERIIBNT, ¥ U7 F=FI2X > TEBIRReZ FH L3 o7,

AWFFETIE, ZAKTFT Y MERRIZ 11%DF—L 2 R—7 S A SR e(ET)
HgysoBrs (X 1a,b) OFEFIRELZHF~/Z, K1lclRmLzk oz, EREGRITEEAA
ROFENET HDITKI L, A UBALEOR D T IA BRI E (ET)Cux(CN)s & 13
ENEEDLLRNZ LR L, Ziud, ¥ VT F—7FIZBWNTH A B RIKIRRE
EREEESNZEE, ABIRENERL TVWDLZ LE2RLTWDS, KEICBT 2 ELREIE
TRET S U TR RIKEEZ A L TR Y, F—7 SN A ARIEDRIET = /b JIRIKRY
REDE N T ZERH LIRS T[1], &I, k(ET)sHgosoBrs 1, ##KE FTiEx~
oV IRIRASEAEERE L [2], —dEE N2 D LRk~ E kT 58l b oMEIC
K DEFIREBOZEIT, F—T7RIFADOEAFHO T XL X —REE NP LTS D
Thd, ZDEHT, xk(ET)sHgogoBrs DJES) FEFIREDOIFIRIC LV, 4 F TIZHEBT D
ZENTE ol =Mt LICBIT 2B TEROIREL AL LT,

(a) (b) (c) o5
— tl’:!nnsitl)lnatI:ger . 4 % -
B T y % * % ) 5 = -Cu(CN), |
(2L conducting RS g 2 o0 ® «-HgBr (H/)) |
ET layer B \ (’é g : 102 . .
o dn Jl \ j £
Y " ‘;;%D g 101 b <-Cu,(CN),
o %—{S § E
/ 2 L © 5 _l k-HgBr
\ S 5051 S 10°F  (0.19 GPa) |
ET dimer > %104k 1
;g T 1
1072 1’ | 1 i
1 10 100
I T(K)
0 P T T T I T L
0 05 1.0
T

4 1, (a) x&(ET)s HgosoBrs O i1, (DEEHE 231 5 ET 45 FORLE, (OB AIER J
T A4 —/L LT k-(ET)s HgagoBrs & i-(ET)2Cuy(CN)s D A ¥ B L ROILE KAV, BRI
RORERFIEE A By MTRT,
[1] H. Oike et al., Nature Communications 8, 756 (2017). [2] H. Oike et al., Phys. Rev. Lett. 114,
067002 (2015). [3] H. Oike et al., in preparation.


14-8


FITTDEFRAEYBEDHICRLND &
BRBEEREANRY M

LLi3h 5
HRAPAPELZRAERYETLPELR, JST 2 E0%7

AEYBEHEOA#ILZRT Kitaev AEVRIEK[1]Id. Na,lrO, TOXEIZRAIgEH DI
WIREER]DHEE->T, KELTEZEESD TS, L IEBYPED—D. a-RuCl,
ICDWTDOERERN - EHNARIEEZELWVWERZRETWS,

CDESRBRERDD E. HAIFa-RuCl, DEMER & U T, Kitaev-T #&EE[2,3]D
BENAEZT> S, BOEKRFETEREIND Kitaev-T BRI TE, RITED
S=1/2 ALV xh, Kitaev 1| -KS/S/. L UTHE 7SS+ S°S7 Ic& > THRE
ERLTW3, Ie2U(a, B, r)IFMY RABEICKET 3(x, vy, 22DEREZ TH S,
BEFRENABLICE > T, HRAEVREREE RS MBR[4] & Kiteav RERANKTELRY
ICENZIREEZREHL TWS[2,3], LBOREREFED Kitaev HED L5744 2 E
—JB&EBlERT—A. TV ROE—NSREBINS MMBROBNSEHILIE Kitaey
WIRE (FRGEDZ EDH > TER[3], BETIE. Kitaev-T#EE & a-RuCl, DFR
BEICE T 2ENAEVEERF[7T]OLE. Kitaev R & [MBRTO X E Y MED
BWIDOWTHEBNETETWEL[8].
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[2] J. Chaloupka, G. Jackeli, and G. Khaliullin, Phys. Rev. Lett. 105, 027204 (2010).
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5% Kitaev A © UK L < 3 7 F 4 h1-[HRE

FHNCRE, & AR
B BRI B AA )

VT4, Kitaev A E U HHEADMEE ORI & 2 DBER TOFEB O REIEDS A & 72 Bk 2 £ o
T3, Kitaev BRIOUEE 2 WEH L, BEMEZ AL, ZREMEZ IV —DALE ST, £
AR PNVHET Z flux &AL~ I T F 72V IAVELTERINLGILTH D,
BT a27F 723 A VI RNF—F vy TRESL, 2 flux I Nz o %
VF—REEBIEIHA T =4 v & LCIRZ2 88D C LMREI N T3 (1],

L L %26, WHhcoIFiiiie =4 > o HBUI B2 X — R & L 72BIgGmIc D <
LOTHY, FEBENALKE ZIOMEPHINE NREOIRD FE O Z2 TR 2 L IFEBEZE
MEE LTEINTVS, £, HFERITB W T Kitaey A E UV iEikZ3HL T 2 2510 7%
ANz, S5 /7197% Heisenberg HH % & LBk % R H A AEHIED WIRETEDSFAE L, IRILZ2 8
MEIC LT B, AT O Kitaev A E ViR % FHR 2 (8 20 P85l o & |
%5777 Heisenberg Y % Jlll 2 7z Kitaev-Heisenberg B DA X S OGS HAC D W THREN T
%, WAL A LR DORER & R\v—8% F¢ | Kitaev 5 A0S SORBEMEN 2 56121
A VIR RN S £ CRE L TRIET 2 2 L2 T 5,

BE RGP COEBEPIFI NS 3 7 TR 22 L X —REOWE IOV GERT
%, (KRS I BT B Kitaey A EVERIZ~3 7 F ¥R 2L X —IREZMES 2, flux D
DR = Rk ELTRSHE) 2 IS NT RS, L Lads, Z; flux HO
fitld, 27T 72N IA VDI RAVF—HEMNZELQIIN X =052 7 T 5D, C
D &9 A RHR LT L SR D L WATREED D 2, ARG TS Kitaev A E
VA LRI R a P ANMERT, py +ipy BAA T IVBEEEAORRMEEZED EU
~3A7FGRFRICEITZER IRV F—REBOIRS T L. ZDEAEPRIC O THE
T35 2],

[1] A. Kitaev, Annals of Physics 321, 2 (2006)
[2] T. Yoshida and M. Udagawa, Physical Review B 94, 060507(R) (2016)
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Kitaev AEY - R— )L DEEIREE & OIS IRGFMRIEREIC L ZEEmH 5 H2ER X T
At K 2P P A S B IWARETH, KRANE

ﬁﬂhéﬁ( 3SVHED X FXERLWEIRY T A Majorana Jillfe A X7 ML gy 1%, ZHARD SBHEME & FAR
iz Al Kitaev AL (X1 218) T OB M A DR T IR FMEIERE—projective sym-
metry group (PSG)—%i# U CHAES Z L&MW TE S [1].
H= Y > Jyolad () o= 10BAEEXLE, E+EE, W
ASTYE <hi>x TATARD SR T, YITE/NEAR, SITESZ AR D SHE Oy
ERREL, FOAYVHKEEREDNFME  THH, BERES 1 VEABEYCIIMEE S vz o,
R OSBRI DN TaT 5. Schwinger- PSG BTNENT, O %5, TR 1 YAHO 2 ffitkic
Wigner 2 o} = intc; 12k 0, 2>l EHNTI2EMTHL I LamT.
'E Majorana 7 TV I XV ¢; & Lo T — T
Ucij>, 25 RTE Majorana 7 =)V I 7 & A= fae tmjgz;;'—ﬁﬁs TRNEE t)]]i%\jﬁﬁs“
M EIHET B, NIV ST U2 ‘ T % \
R, 71 VBT LIz 2 x 255 A7 2N X
TLiT8 & 7 5. Majorana 7 =)V I A4 V2
B"ﬂﬁiﬂ: LTiRonp R TAREE T %
af, ZHEREMORE 2N L35 &, 554%
NIV b= 7/@

1
H = Zak <a£ak — 2) :

k=1

& . i ¥ 1: Bk Kitaey LD % BB FEEIREES 5 O Majorana

= (inox + Vjpal) (2) .. _ - p

— A€ — K. NIV h=7 V% T D PSG OREIRILIZ iR

YEIND. TIT gy RERII VB F3rE, BondREROZDUGERARY FUKEER
5 W TH 5. ik T 5

er/2

Raman #(ELA X7 MLk, (FREHIE S 28 L T) 2 OYE Majorana il € — N % it 3~ 2 I 72 S
#TH 5. Loudon-Fleury ﬁbﬁﬁw Raman HE T X B EELRE

%{?OI NZZWM O(hw — e, — &1);

k=11=1

B = —i Z Z JA [€in - — 1)) [ese - (rj — i) uci s, (Vi3 — Vi) (3)
A=x,y,z <i,j>2x
DFHFERERZB 2127, 2T eiyse) A (R) BEDRNEY =7 2 TH L. BELY — 27 I3MEED 2 K1 il

2HORU M 2(a)), B S bf%‘ﬁ%@jmu%iéa NHEE LG B [ 2(b)]. B 2(a )cbm\ﬂﬁ%
AFM MO T <, Tl Kitaev DR FDOZN 2GS TS, ZORNMIEIEA Y VEAKIZILETH
25 FDEZ%E OB Kitaey ZHAKIZRKD 3.

. p— 1
) |L(b) ey~
£ A 14 Pl 1
= H [/ — 0.001] matter
4 m i
Sl \ =>\ } — 0.08) | = bl fermion =
2| | ., ” —0.20[|© excitation
= 2\ I+§\ 150]] |
= " i i vison N
o jk 0 ) R . A mnd&_ 0.0 excitation ~1y
2 4  hw 8 10 2 4  hw 8 10 107 kyT 107 10"

X 2: IE+ ZHEAK Kitaev #E O Raman BUELSERE T (w): N FERIAARENE (), B mYCRERANE (b);
m%ca77v/rﬁﬁiﬁﬁmﬁ@@MHJZFkam@u@pJ@ﬁgm@@@y

[1] P. Mellado, O. Petrova, and O. Tchernyshyov, Phys. Rev. B 91, 041103 (2015).


14-11

14-11


INZ AL - INAIN—I\Z ALY D A BV RAEYE
BAIEA SHIAES < v RTFS5YIHERC
LIBEAERA, thE2A ETFhEA RRAFNE,
MAENC, BILMNGAC, EARZEEAC

INZALEFROZFD 3RTLEZRY NT—T DI\AIN—I\ZH LEF LEDIrEE
tYid. BESEANEEERD SKitaev/\ZH LAERDIFFOELIEHTH D &
FTHENTEco SETOETDLEMIETEETICEWTENICKFELTLE-T
Wieh, TBEE A 1F a-Li2lrOsD ERELiZHE#ALIE U 7zHaLilr20slc & W T, tbEy
BIE TIES0 mMKE THFEE I NMRIRIEE FERB ICHEWL(~0.01 us). FFEICRER
AV REEZRBHUTRELTE e, EXREBEREDGRAKROYEZRITH. W
INH-100 KIRDOKERRBEMERN T 1 ZREZRUAROEBHMENFT S T 78
HMEERZEBEWRB UL TWBDONKREBADEETH S, £/, V7 MEEBRRITE
R 2XEHNZ <. BERDDSENFEFEZNSICEKEINTWVNS D TRIERIE
TRETDDERHEGHRDOEFRAE VY REDEELETH S,

> T. BRIFRE. \A/N—=N\ZAHLBEB-Li2rO3[1]DBEETYHEICER L
TW3, COYBEREETICEWTFY I 7REEEERANREENTH S EEEIN
5rEFTHRLS, 20/ >3V Z7#%FE (38K) 132 GPa#BDENHIINTHEZS Z
ENREINTWS[1], &E. 8 GPax TNMRAIE X U HALEIED S B -Li2lrOsd
EATHERZZEHRES . 2 GPaTHEHEMNELRT DL LB, BERGBEZHD
FTUWERKMERANENS, ZOHOHEGREREFENE EHICERL. #1a4 GPa
TERICET %, XREWT[2lIcLD & BEBRIEIFr2EFRRNTH DBEIEERE LD
FARYTRIDBPKRELCBDFTZENSRAE VA TILAGEE BRI TSN EHN
IrOFRAE /209 V7 Ly hEBRRC e BBATIEAZEWL, /. NMR
BNRIEEREHEDZHLSITIRERTHORELRMEZ &5, BRROARHIPIED
RENZWZ &S, BESHESAR TOEENMR - BLAEZ#FHLTWVND,
BRITFHFVITEFRAEVRIE, B UL ZIrB{EY) DI FT LB R IAR—IERL L i
BAEERDELE ShQERERDFTETH Do

[1] T.Takayama et al., PRL 114, 077202 (2015) .
[2] L. S. I. Vaiga et al.,, PRB 96, 140402(R) (2017)
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X X 7 BT A Ui R EMa—RuCl; © NMR
&t B E R 5K BESLA

X AT IRBET A AREOBEMYE & U CIEER STV DH A= LT
B a-RuCl; © NMR OFERIZOWTHENT 2, a-RuCliE, JEIRFEEC2/m b L <X
R-3)%EH L, HMORIGVED & MR EZ R~ T, R BIISORBENERR T A2 & D03, ab W
WIZERS S H, LA EFIINT 2 ERERRRIFITIEA T 2[1-3]), 2 OEHFEETER LK
FEEAREHZ B W T i o PCINQR/NMR HIE #1T > 72k, Ty=7.0 K T/iiiE
PERRFF, To~ 100 K CHEGEFERE 2810 L7-, mE oYy T T INTEb 6T, B
A Y UAHBE T DA B A TR T BB IR T L, —J5, mNES T
T TR BRI 2 b D 2 L3y o T2, 04K £ T PCINMR & 2B |IE L
iR, H=74T&KEoT-, BFA VU TRBMTRONS BETEAHEL TIZ. H U
TR UEIZE v v T EB X BN DD, a-RuCly; T H BT CHKIR THEX
Yy TRIELEBONN R DN, ZORRIL, S TEAITEND Z, 7T v 7 AT
KXo TEHMAY BN EeIG T THhINIIXy vy 7R 2 L LA LT
5[4, 5],

AAFFEIT, BIE B, (PR EAT(H KER), F17 Mk, K s=ECKRT), 36
R TREHK K EDILFEMIETH S,

\\\\
|

H A

[1]A. U. B. Wolter et al., Phys. Rev. B 96, 041405 (2017).
[2] S.-H. Baek et al., Phys. Rev. Lett. 119, 037201 (2017).

[3] R. Hentrich ef al., arXiv:1703.08623.

[4] J. Yoshitake et al., Phys. Rev. Lett. 117, 157203 (2016).
[5] J. Yoshitake et al., Phys. Rev. B 96, 024438 (2017).
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Magnetic anisotropy due to Kitaev interactions

Dept. of Applied Physics U. of Tokyo Hiroaki Ishizuka

1) LBIEYEEDEEBERMN ST AMottitiZIATIE, AEVEEREERDTEIC
HXL TKitaeviBEERGE DHRALGEAMMBEEREZELLIENHS. IOLEMAEERIFET
5% T, EERKEMHRELICEGSHEERAMOBREICKIEHLHRHKFNR NS+ THL
[1,2], order—from—disorder[3 4] °E FREVRIK[LIGE DEKRVVERIERZELS. — AT, iiF
OYEIZEILI-ERMELNLIE, SOLEEKENVEED ZONEMERDNFA—FDEIZHLT
BOTHRTHLIZELHALNELGS>TETLS. TD A, IOLEMEOERBMMRICEVNTIER A
DYEICHITAXRRBEERDORESEELGLIHEEFRAMDOLLREFZERETLHIEIIEETHS. Lh
LS, INFEFTERMNICESNLGHREEROBREZITET A EIEMENATULVEL. KEETIE,
—RICREVEROHBSEAENEAMBEEERANKSIRIZEBL, KL IAIEZRANWTE
ERMYIZKitaeviEEER D BSFRAIE T 5 HEICOVTERMITERLT-.

ULDBEHDIO, KAETIINZALIEFROAIDILBIEMOBENEREZXRELT, &
HWHEHOMREAMESERRAZEICK OTEMLIZ[6]. TDHEER, KitaeviBAERIZHEL THER
HEREKRFEEHEFE OHMSKEAMINELHILERE L. COBEMNGEEKREFEEL OKitaeviBEE
AIZEXT SR E A M ILvan Vieck i
L, hOBEEZERETIHSIES ’
HERGICRANEINDS. 61T, FAMG 1.0f
Kitaev-HeisenbergiE & TIXZ D EF A r
KitaeviE EE A DIRE D AITIKFL, 051
HeisenbergtB B {E A DIESICZIEEE SO ;
W EFRLE:. &, BREDODEALZEIC
FOT—EEAMLGENASTHZEIZD,
S ML BIENSKitaeviEEEFADE .
BN TESHIELERYLE. ThodiE o
BHD, FET7-AEVRIADIREEYE L J
EZABNTNSAL) O LEAEYMOILT=
) LER L M2 1+ BKitaeviB B {E %8I
ETOFEELLTHIATESRREMELHD.
I, SHOLEEAMMBAEFRICHXR T IHMAEA KT ETREMICHALN, foclFREDEFHEEIC
HETHEMFUITISAN =230 ELHRTIE, COEAMBEERICHEKR T IHEIEAHEN
BHMHALERERECTELGIMIEAHETELLILERH LT

Lf¢)

,05;

:Kitaev #H EAEFIZ BRI DRES ML 2 BHAR[6].

[1T J. Chaloupka, G. Jackeli, and G. Khaliullin, Phys. Rev. Lett. 105, 027204 (2010).
[2[ J. G Rau, E.K.-H. Lee, and H. Y. Kee, Phys. Rev. Lett 112,077204 (2014).
[3] G Khaliullin, Phys. Rev. B 64, 212405 (2001).
J. Chaloupka and G. Khaliullin, Phys. Rev. B 94, 064435 (2016).
[S] A.Kitaev, Ann. Phys. 321, 2 (2006).
[6] H.Ishizuka, Phys. Rev. B 95, 184413 (2017).
[7] H.Ishizuka and L. Balents, Phys. Rev. B 92, 020411(R) (2015).
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BFAEVRMETIE PR e Y AL R RIRER BB EiErs RIS, i,
Kitaev € 7L DIRZE [1]. X 5 IZEHER COFEBAREME IO W TR L 72 Jackeli & Khaliullin
DOIEG21DARE, FEERIIZH A ) P LB T =7 L 2DBEMYWEBR 4 £ HHE &, Kitaev
BTAE VKO EAIZIThb LT\ %, Jackeli-Khaliullin X 7 = X 2 13 5@ i 14 1y
Kitaev #HAAMERH ZE A3, b AW EGELFEBR DM T T S 0-RuCl, I2B VT H
Kitaev JEDSRBEMENTH 2 D BEIENTH 20X ARG L TR\, TOFETIZ, WGD
BUBISZ « JEIEIRZIC S H L. KRG Kitaev 5V & BEEME Kitaev € TUIC B 7¢ 78 11
DEN, Lo TliFE2fEICKMNTE 5 2 L2737, RN Kitaev EFLOEE. Z,
77 7 ADMRI 2L X —ITHYS T 3 70 24 — N—HEHEBICE W T, BRI RER IR
BN 2 /5 23BN 5 (3],

References:
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[3] YK,J. Yoshitake, Y. Kato, J. Nasu, and Y. Motome, in preparation.
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Quasi-continuous transition from a Fermi liquid to a spin liquid in x-(ET),Cu,(CN);
T. Furukawa', K. Kobashi’, Y. Kurosakiz, K. Miyagawaz, K. Kanoda®

' Department of Applied Physics, Tokyo University of Science, Tokyo 125-8585, Japan
? Department of Applied Physics, University of Tokyo, Tokyo 113-8656, Japan
Email: tetsuya furukawa@rs .tus.ac jp

The Mott metal-insulator transition—a drastic manifestation of Coulomb interactions among
electrons—is the first-order transition with a clear discontinuity, as shown by various experiments and
the celebrated dynamical mean-field theory. Recent theoretical work, however, suggests that the
transition is continuous if the Mott insulator carries an exotic spin liquid with a spinon Fermi surface'~.
Indeed, several experimental studies have suggested the existence of such spin liquids®. Here, we
demonstrate the case of a quasi-continuous Mott transition from a Fermi liquid to a spin liquid in an
organic triangular-lattice system k-(ET),Cu,(CN); (Ref. 4). Transport experiments performed under fine
pressure tuning have found that as the Mott transition is approached, the Fermi-liquid coherence
temperature continuously falls to the scale of kelvins, with a divergent quasi-particle decay rate on the
metal side, and the charge gap gradually closes on the insulator side (Fig. 1). A Clausius-Clapeyron
analysis of the pressure-temperature phase diagram provides thermodynamic evidence for the extremely
weak first-order nature of the Mott transition. These results provide additional support for the existence
of a spinon Fermi surface, which becomes an electron Fermi surface when charges are Mott delocalized.

300 — | — . I 0.30
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> B X
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Fig. 1. Pressure dependence of the charge gap A and the T° coefficient A. The solid lines indicate the
fitting curves of A oc [P-P|*”*%* and A oc |[P-P[*7* %" where P, is 135 MPa. The T* coefficient A is
normalized by resistance at room temperature under ambient pressure, Rgrmbient, fOr €ach sample. The
charge gap is almost closed in the highlighted pressure region. The inset shows a log-log plot of
A/RRT,ambiem V8. P'Pc-
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Ground state phase diagram of Kitaev-Heisenberg model
on honeycomb-triangular lattice

Dept. of Appl. Phys., Tokyo Univ. of Sci.
Katsuhiro Morita, Masanori Kishimoto, Takami Tohyama

A, FRA BT FIZB 2327 - NI UL BR (KHER) 2SEHZEDTVWS, R
NZH LR AR T ETHEIMIZIE M fThbhE b, TN HMERREBOMHM P REI N T
% 1,2 3, WETETRONBMITIZERNDZH. ZHREMAKTH, NZHLKTLIRRRD,
BAIEN T IA N L =2 a VOREEETE-HOTHS, Lo T, MEFE2BSRTHEI NI L
= ( HT) #&1 (K1) 2815 KH B O EIREZ AR, W&+ OMPUMNIZEIT & 5 %2 o
MPZT B Z A EIRZE N,

ZIT, BREFEIvT A vV ry— - TV B MRITHBEY T AV EEICLD HT K TI2H
7% KH &R O d IR 2 22 U Tz, N LR TOMRITIIZE [1]) TRESIN T Wz, 3 — IV,
AV VKRR, O 7 U RIRGREVEM. mEVEME. A T TRIKEEEMIC A, AR T TOg
1TA%E [2, 3] TIREINT W2, 120 EREREMM. Zy G (K 2), x~F v 7. B Zs i
fhimAE, SO RBEMEAE 2 FIE U7z, & 512, 120 BHEEITUZE 2 R DM, ZOROIHS Fi7z iZF
EUTz, £z, Lo WFGERAEE O TIZEIME & O M E 2 KD REVPHER S Nz, AREH T, &
ORIz OWTHRT 5,
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Lett. 112, 077204 (2014).
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2 Zo MkERAMICBITE NI T T4
RZ WV ke R NVOMIE Ky — Ky T
NIZBITEMEERT,
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AERIBRIEDICETEHIREVSFRIEE
FARAOSHILF Yy —THEBEDER

2EBRKE, "KL F—XK CNRS
BOHA, *Ludovic D. C. Jaubert, FHIJII&EX

NA BT aT A EDONA B TR T D A BRI VEREY ACr204 X AFe204
(A=Zn Mg, Hg) TliL, WA ER I FRA V MO - RNA LT, DD IZE
27 VYNT Y=l T ua— ReldE 2 — o RR LD (1,2l Th oo 72—, %
HOAEZETe (A0 TN /TR bE OWEHMHEA T L < BB D,
AE ORI E LT R HEUBE O AR OEEINER S TnDd [8l, —F T ik
T, A r s a7k [0 I AT Bl LD Jideds A V0 THEAT ATl
RWRE S R—= D7 T A2 L - TR S I D BRG] 7 ORER 72 8 2 — 73
FAETDZEZHOMNI LTI, ZOMEEEE 2, KL TIL, AV U FRIEOT I,
WBeRE ) R—=nD s Z 224 L B U7 FIRBEAER 2 Z e S B 2 &2 & 2 FIREMEIC S
HL7, ZOBREZHALNCT LD, 4V THRIITHR ONICHRT ) R— /Wi
T OGS, A BV T A OBREICRBAT I E I D ERAT I LERD D,

ARFERTIE, A v 7 a T T ED Ji-deds /A B L ~L 7B A 5t 512 S ER
& ZOWERIEIC W CikinT D, £9. Large N il AW CEFAOBE KM K 1 % fiR
BrUTef R 2R T, FRIS, Jo, JsDWRE L BT, WEROE L FARA > MU L TR DA
MERFONRE = BRET DL L, BIXRENSLDNRZ =y AP0 TRIBRTHR G
hie BRE ) R=ND 7 T 224t ITREBA T N = LT 5 Z & 27T,
#KIZ, Landau-Lifshitz FFERIZ L 5 4 A F 3 7 AOMNTRERZ 77, FR2, BB S EE
(K2 FEMME R M L ORGSR [1,2] LT 2 2 & T, Frare s 7 A ZORREN A B OVEE
by CEBLY 5 ARt A Hm T 5.
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Mechanism for sub-gap optical conductivity in honeycomb Kitaev materials

Adrien Bolens
Department of Physics, University of Tokyo, Hongo, Bunkyo-ku, Tokyo 113-0033, Japan

The Kitaev model on the honeycomb lattice is exactly solvable and posses a quantum spin liquid
ground state [1]. Its potential realization in so-called Kitaev materials through the Jackeli-Khaliullin
mechanism [2] attracted a lot of attention in the recent years. As yet, potential Kitaev materials,
such as NaglrOs and a-RuCls, all eventually reach a magnetically ordered state at sufficiently low
temperature, indicating significant deviations from the pure Kitaev model. Nevertheless, in the case
of a-RuCls, experimental observations of a residual continuum of excitations have been interpreted
as remnants of the Kitaev physics [3]. Exact analytical results for spin correlations have been derived
for the Kitaev model [4] and used to predict the signatures of Majorana quasiparticles in inelastic
neutron [6], Raman [6] and resonant X-ray scattering [7].

Motivated by recent terahertz absorption measurements of a-RuCls [8], we consider the response of
Kitaev materials to an electromagnetic field. In particular, we show that transitions to the continuum
of low energy excitations, although magnetic in nature, are possible via the AC electric field.

We derive a microscopic mechanism for the sub-gap optical conductivity of Kitaev materials and
show that the interplay of Hund’s coupling, spin orbit coupling and a trigonal crystal field distortion
results in a finite polarization operator at second order in the hopping Hamiltonian [9].

Using the integrability of the Kitaev model, we then calculate the polarization dynamical correla-
tion function, and thus the optical conductivity, at T'= 0 [9].
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Quantum Magnetic Properties of Spin-1/2 Square-Lattice Random J;-J,
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Dept. of Phys., Tokyo Inst. of Tech.
Masari Watanabe, Nobuyuki Kurita, and Hidekazu Tanaka

T7ITARNL—KLEETAEVRIZBWTC, Ry RTUH LARARK ¥ v 7 L A7 IERE
PRIRIEZ BT 2 L WO EGRERENE O TS [1,2]. Z DOIERLMIREET singlet 23%2 [H]
BN T o Z BT HAE L7z Valence Bond Glass (VBG) IRFEETH D &z HNTWA. Bz 1T,
N RT U LR AND D S=1/2 =T BORIEIER SN =T KT Ji=h A B~
7 CBRRENEAR D st AL R S, RIETH 2V — U A AR BYERO EF0EE I
BT DB TE SN TS [1,2].

BxlIR S RT U FBRANT TA ML — N LTEEBFAEY LV ROEEIRIEIC T T
B FERPICHA ST D721, S=12 EHKETT7 X L J—h A B or~)v 7 K
PEAR DB HERHYE SroCuTe- W,06 (x =0, 0.1, 0.2, 0.3, 0.4, 0.5, 1) OLiEsREZ AL,
WAL RIE & LLBIE 21T > 7. REE O SrCuTeOg TiX Ji 73, StCuWOg Tl Jo 23 3 HLHY
THDHZENDMPOTNDLDT [3], EéEFR SnCuTe W, 06 TIX J| & LIZT U H LR A
WAELDZ ERMFBEEIND.

Sr,CuTe - W0 DIEALRIFIRIE T = VU
—UA AW ERER L. £, K1ITR
L72X 912, 2 K £ TOREDNEEIZHE]3
HIWHFOOSPIRICBHI S N, 2B,
VBG KAEECTHIFF S DR D H & EMERIC
—%3%. —F, 1.2 K D5 HNEES I
K L7eWHB\O MR R R b=, =
AUl singlet il DFEZ R L TV 5.

[1] K. Watanabe et al., JPS] 83, 034714 (2014). Ms’ 0" ®
0 | | |

[2] K. Uematsu and H. Kawamura, JPSJ 86, 0 5 20 15 20
T [K
044704 (2017). a

[3] T. Koga et al., PRB 93, 054426 (2016). E]*SmﬁﬂmJM0dx=0,0gazos,
0.4,0.5,1) ®O0T,9TIZRTHILIELLEN.
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Kitaev-Heisenberg Hamiltonian for High-Spin 4’ Mott Insulators
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R. Sano, Y. Kato, and Y. Motome

B A RIRIIREERGRAR OB FAH O —FE T, #kt MR T b BERRT 2R S 7220
FRLIDRETH D, BT AV VIRKRORHSE LT, A HHENERO MR 1 Hh 25y
BES 20 BIhED & bl b, Kitaev A TMED BEAMEE FCERSNICE T A B HBAIT,
ZORERENEFHETH D Z L, ROFDOKERIREEN GBI 2R3 2 & DNEE IR
INTWD, ZORBOBEERFEE LT, BoBEMEE Lo 3 FEOR S Rioxt L THEZR
HAE UV E ST Ising MOMAERAZET L2 EnbHIFons, 20X 9 7285109
AAERIL, BBWAEVHEMHAEREZ b ORA Y P ETEELZ L OERERILEMICE
B EBAREMES R SN TR, ERMIICKEIRERZEDTWD, LrLaens, £
) LR EIZR TV AT, o F-ALE Co Kitaev F8 D FEHL A §EM: 2 78 5 [H]

MITEELRRETH 5, 1.4
A7 ClL, KAy & BFEELANDOZE 12

(23T % Kitaev FAESEMOFEBRATEMEZIREKE 1o low-spin -
ToHEDI, HAYY d BIEREBCHTH
IhA R 2 G~ 7= [1], FRAHBEARFRIZ 350
T, e BEW e WBICHLE DR E LT
(B 2 ZREE A AR L CR bR & g
Lo, £ DfER A MR Kitaev FHAAEHIC 00
% T Heisenberg FHHEAEM Z A7 5 Kitaev- 0.00 005 0.10 0-1?] IUU-ZO 025 030 035
Heisenberg ffI & 72 %5 Z L 2R L7z, Kitaev-

Heisenberg #2857 5 SEATIFSE 2 2B 1T, 7
v BRI ORISR EEILSETL LG
DSR2 ERR LT (K), & DORER,
PR 2 /3T A Z G CTRA A E R 52
BT Enbholz, FEOEREIKA LY @RISR LTHITV., Wia Ofs R % g9
52 EICE AT, MARTORETAE RIIREBO L EN ZiEim T D,

[1] R. Sano, Y. Kato, and Y. Motome, arXiv:1710.11357.

D d7FEFBLE XY D AR O L RR
REAHI, A~ > MAES L MEERI3H
DN D7 —m I UE DL RED QSL
DRI TEA A & ARKRFRIREN RIS 5,
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N= R RS ELHEETIC T D A Y CEUEMAER OZIR
HEENA, PTRE, I HRE]
FOL TR WP R

:ﬁﬁﬂ:ﬁA%%%ﬁ04UVWA%M%N@Mhi:k%&XE/%LFA%ﬁO%ﬁ@%¥ﬁ&L
THRITFEE SN TWDIMEDO—>Th D, ZORIZBW L, MV 5d B O A E U HUEREIZ
3EICHEIR L7TZ thy WUEN DR L, 7 T~ —AX 7 Ly NBRHELT 5, é%;\%ﬁﬁﬁﬁ%%ﬁw ﬁ
BRIZED, 7 I9~—2AF T Ly MTHTLHHININV =T 0%, FL7EMTFEET D Z &ﬂh
S TWD[L], Filt, % = 7RO -7 GfimE & LT =0 2MEEY a-RuCl; OIKIES) M|
FEEHREDLN TS, LOLARRL, ZOMEICBW T, 4dEFHOA L HLERREAD, Mfé%
RTCNENTZD, AV VHEREAEOBRENOW T IV EEMCER T ONERD 5,

AW TIE, AROKRX DA U HEHAEERANEEREBICKIETZEICOVWTERT S, £, &
TR v ¥ 7 B EE L ZiuEEE AA*F@”%@DLT MEERAOKE R2BIRICBIT LT
DHEINI IV =T o 2EH LT,

Ho= > (B + hS) + hE)] —AZL S:, (1)
(i7)

W), 2*(&-%+§)Tﬁﬁ?—éﬂﬂ*—&)”+iﬁ”“”—ﬁh9+ﬁ?)xm

f@U‘—Qb(&~%—%)Tﬁﬂf—ﬁféf ﬁ?(”+bﬁ)w+i(%”+ﬁ?)iﬁ

hg’% _ _%(JQ _ Jg) (Si . Sj _ %) [T&(l (’Y) + T(’Y) (“f) Ti(;) (v )+,:11 z(O’Y) J((’]Y)} ’ (4)

T, SiLiIxENEN, AV, HUEOERE T TH Y wV ITHEA IR LEEEE T =x,y,2) TH D,
ZN I Ti 7T AL = & VT *@Xt/%ﬁﬁm@%fﬁ%;OMTHNﬁo%@ﬁ
B, AV UVERA I AL TV DN, 2 = 7RI &5E¥XE/MWW®m

P ITRRFERBND Z &2 BT LT[2,3], AikiE Tk, ARREIZET 5% & = 7| %@m@w
BOZTNE— I EANEDO X ITHBLT 20 20T HET L TETH H[2],

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

[2] A. Koga, S. Nakauchi, and J. Nasu, arXiv:1705.09659.

[3] A. Koga, S. Nakauchi, and J. Nasu, Physica B in press (doi:10.1016/j.physb.2017.09.117)
[4] J. Nasu, M. Udagawa, and Y. Motome, Phys. Rev. B 92, 115122 (2015).
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Effects of the interlayer interaction in the bilayer Kitaev model
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Hiroyuki Tomishige, Joji Nasu, Akihisa Koga

WA, WAV VHLEMH B %2 S OBEBSBEIEY TH 5 Na,IrO; X
a-RuCl ¥ X T 7 A VHEARDEMIE L LTHEHINTWS, 215
DOWMEZEZ XD IR THHEAME LTEFRIT - N X)L T FERIDE
LIN, M - EBROMGPSBABIER I NT WS, — ., a-RuCl;
TIERuAFT VDD BN ALK TDVERICER>TED, MEDRR
HAEEHP R AHER R (12522 b EMHINTVWSE, FXITTA
YU DEMYEIZB T B 2D U7 B EAEH ORh B IR 12 R R
HHDER 3 3%\,

AR TIE, FRXZT7EROHBEHONRZFTARS 720, & HHR
BRI LTC2O0DFXRITIEENA LY IZHEEHTEREZ2EF X
TR Z RT3 5, 2% X T 7BRIORERREIX, FXT 7HOBENMH
HBAEFHDBWIRR TIZA Y VIBIKRTH D, NA X2 X)L RO fERIFHE.O
FRWER TR AR Y RTOY v 7Ly MBRERTSE, Tho2 D008
% IEREMEM D SR A T A EI T DAY VIRREZHH S M2 T 57280 A = Jy/Jk
(Jg : NV oD BERMEEER,. J: S22 7HMOBENHEER) %
NIA=REL, BRYA XD 2EF X T 7B U B Ak & TPQ
state D FIE TN 217572, HHIX, BB /N7 A —XEBIZE T 5 EE
IREE L BIRIEE CORA N EZFARLFERIZOWTHENTEFETH 5,
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The anion radical salt EtMe;Sb[Pd(dmit),], is a Mott insulator which consists of S=1/2
triangular lattice, and shows no long range-order down to 19 mK. Although many studies suggest that
EtMe;Sb[Pd(dmit),], is a strong candidate for the quantum spin liquid, the nature of the low-lying
elementary spin excitation and the presence or the absence of a ‘spin-gap’ is still under strong debate.
Here, we report our electron spin resonance (ESR) measurement results on EtMe;Sb[Pd(dmit),],, and
reveal the spin correlations and spin dynamics of this spin-liquid system.

When the magnetic field is rotated within the ab-plane (parallel to the Pd(dmit), layers), two
ESR absorption lines that have identical g-tensor with a phase shift of about 30° were observed (Fig. 1a).
The ESR origin is from Pd(dmit), dimers in two independent layers where the dimer stacking directions
are different as schematically shown in the inset of Fig. 1a. In turn, such observation of ESR absorption
lines from two independent Pd(dmit), layers suggests the interlayer exchange interaction is infinitesimal,
estimated ca. 0.37 mK, which is in good agreement with the absence of long-range order.

Furthermore, the ESR linewidth shows a characteristic and continuous narrowing down to the
lowest temperature, and the power dependence shows a peculiar feature that is not observed for analog
salts with different ground states. We suppose that ESR is probing the elementary excitations of the
spin-liquid state known as the ‘spinon’, and the narrowing of the ESR linewidth suggests that spinons in
this system are highly mobile. The angular dependence of ESR linewidth (blue squares in Fig. 1b),
which reflects the spin dynamics of the spinon, shows a minimum, a maximum and an inflection point
for both Pd(dmit), layers when the magnetic field is applied along the stacking (#z), diagonal (#,) and
side-by-side (¢5) direction of the dimers, respectively. This peculiar angular dependence can be fit with
the summation (thick blue line in Fig.1b) of an empirical (I1+cos’8) dependence and a (3cos’0-1)*
dependence where the former angular dependence (orange solid line in Fig. 1b) originates from the
contributions of magnetic anisotropies and the latter (green solid line in Fig. 1b) is from the quasi-1D
spin diffusion. These ESR results suggest that the spin dynamics of the spinon is quite anisotropic
despite that the system have a triangular magnetic network, and quasi-1D diffusive motion along the ¢,
direction was clearly observed.

In our presentation, the characteristic ESR behavior of EtMe;Sb[Pd(dmit),], will be presented,
and the nature of the liquid-like ground state (spin dynamics, gapped/gapless character, etc.) will be
discussed.
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Fig. 1. Angular dependence of (a) g-value and (b) ESR linewidth of EtMe;Sb[Pd(dmit),]».
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BWweEnh o7z, HWT KH BEROEIRILF -z, Ising BETIEY VI ILAEY T
Yy TR &K [6]. dimer BFATIE—2® dimer HFIE T 2F(IC L ZEIRILF—MEE KD
foo dimer BFIT zigzag BICK T BEIRILF—ReZRDIcE 2B, R Kitaev BRITERT <

DEERNFIBICRZE— RHIGFET Z2ENDD o foo Ising BRI THREMEBICEITZ2AEY T
Uy 7T RHlc & <5, Kitaev HEERADERWEIRTIZAE Y 7 U v T O EShREIFUN
BUBRWEND D > T, BEERIC zigzag 8> Néel HHICH 1T B EZ Ising B TKSHIcE T3, X
B> 7 Uy TREDEBSRBUIZINB U BEWENDN > Tco M ENS. KSL HEFEOHEIIKFEIC
BIFDEIRILFT—REIERBBERICEWT Ising BFL D H dimer B ZE B W BTN ED
THE2EIESHIICKR >z, KSL HIEFED zigzag 1 TN FIBLRHEBERITMEFHIBEL
UfcREMEIRILF—MRICENZEZERL TED. KSLEICE T BEIRILF—MEDR
#[9] & IRE WA KSL #BAE D zigzag HBICEVWTIHEN TWS EE X 515,
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