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WBE—7ZRTBED2ENABEETKEEN TS, D TEUNPIE Tk =80 KERE TN, 100 mJ/(K? -
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T BHMAETH D, ZDHRREIEEBEBZRI LI, RAUBHEHZE LTI — 0L G2 EULEYIHTF
TgBLEZERLTVNS,

[1]Y.Onuki et al., Philos. Mag. 97, 3399 (2017).

[2] F. Honda et al., Physica B 536, 182 (2018).

[3]1 M. Kakihana et al., J. Phys. Soc. Jpn. 87,023701 (2018).

[4] R. Nagarajan et al., Phys. Rev. B 32, 2846 (1985).

[5] S. Watanabe and K. Miyake, J. Phys. Soc. Jpn. 78,033707 (2010).
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BO 1 BEZBTICLSHFTETCEE

VTERSMIEEYIC B TS
Rf FL 73 B H B 7R 1 IKTE

R [EZ

BHAFRR BEMAEH B

N2 7 H EE 5K BEZ
BEASRER EEASRR HEASER
WEHRN LR BEHIRE ARE BEHRN 28

AZa1—AL—Z2—Tld BURDEBVEFREICDOVWTRERENEHLEEAEINTHY., —A. FiE
B CBBEBEHEN R EDEEEZIONSSMILEMICEITEPEVEFREICDWTDRESGEZRHNEELET
JBCZEITHYE LT, ATl SMRTEATNTWS TRIBICHRGZEVEFIREE] HB L. TRIBICH
BRIZFKFARRE ICDUWTL SMTRAL (Tr | BB DM FEHBEREBL CZDYEBENFHEZBNLE T, IhE
TORRITEVBESHICESTEITMAL FENLBRELEOEREBNIT2ABELAVETDOT. BIFSHE
DIAEICTHEETBITNIEEWVNTY, TOSMILEMITHITS IBIFICHIRZEVNEFIRE] DREDEO>H T
EBZMEIE. FTTERR Y TIVEA MEBIDSMOsSbi. TY, TOMZEICKEE. RUKERMELLTEES
EHIRTHALICE VT, Yo RPIRTHRINGMELN BRI NS—FA. SmEEMICE LTI M5 HRK
BEVWETRRE DEFEINTET, BLESMIE BB OFHF HaEREE FREICEE L TEER L

COSMAFEDFEGRREEZS LT, SmDA
FVBEOFHEBBICGENTHEELVERVET, &

I MBCRREICBIL T B LEETERD2MED S3MEAND
AFVBIXIVF—ITEELE T (K1), ZORH S,
Eu, Yo/ A 2B 2 flilcZ) T W\ TENRNICD DD E
BEFIC. ARBERDSMPTMICE VT, EUFETIE R
WEDD2fiE LR T WMERLH DI ENDHIE T,
AAMEIXIVF—DEWVIE. REOEEIICENT
2fiE EBEULEMIEZHME TN TS —7, A
875 2 i & BSmIL S A IEE [c DT EIch BN JI1 éé‘ﬁiﬁﬁﬁé’?bi}jwé @ B=AFLTXIVF— (b)S, L,
TWET, LHLGDAS. SmILEWTIE. LTFTORET

EHRT KOITXHRIRUNEERD S FREIEEIREEE DL BONIMENZNTENDH>TETVET,

—7h. BRHBEBEEICEE LT BAWEEEREZFEDSM* EEu OREZ LR THB L. K1(b)IT
T —MICHSHE T R)VF—X T — VXI5 B de Gennes factor HY Eu? [CEERXSM* TIX1/412E
DINETFEBICHZEOTVWE T, DT LIE SMHBBEK[NEEREZINS TX)VF—FEHNNEWMERDHEHIE
ZRLTCVWBEZEZSNE T, EOICHETAECEGZDFHIE. PUEEHEDKEE (Sm*: L=5,Eu*: L=0)
THY, Sm*E BRE— AV M) BVNEVWED D, BEDBHENAELTZO>TWAIENDHOVET, &
NSDEEAFVICERENS, MHOBHESLCOHEDEHEDEVIEMICEHRTEHIEN. SmEEuLE
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MITH T BIHEDENCH RO OTWNBDTIFEE
ATCVWET,

| B SRR G EARR B I E T SmT Al

MERDEVEFREDRHE LT, EEHRICERL
fe-logT Ik EZE T B BRIBMERLIBERENCEFLH
REDZEITONE T, MELELBEHISEIMIC KIS
ENEIT DL SMTRALTIE, BiIGZICIREKEFELE VL
RERZBVZRLET, 9. RRACERIENXRDE
EkFEEZRLE T, ZBEISEERICONT BREN
HERBICHD LIcE, MMEZEFE, ERICERLET
[12], 2D EFIE-logT DEEEFIEZTR T s, EFERNR
ZTRBRITBHEEZOSNETH RITTRT KDICHIZRT
FEAEELR T IERDEVEFRTRONZSEDH
SUEMDBRAIENE B A T5IC T =T CHEBEZE
L. B REUT CERBNERDRD ZRLET,
DT REOERICHZ P TRERLLEWTFHZE
TmLET,

R, BEKUEEEACL T DiRERENZRBITRLET,
BFLEREM Yy I3 RFERICHEDS T KERE
(BRAMEIX3.2 J/mol K?(Ta)) ZEX W & 9 (KI3)[1-3] ERK
RN LT, COMFERDHGES5T BHEIEKRETD
Cu/TOIRDEVI SHIBRTHRERLLTVE A,
SmOEEIRREL. S«HRINATRIERZRT IEL
5Sm* DI =52ZEBEDMERIGZ HERTHDEE
ABNTWVWET, SMOBKEHIE— XV FDfER. €0
B35 C DKL D 50.22 ps/Sm (Ta)FRE LG,

2: SMTrAbLo (Tr =Ti, Ta) DIEFTERDBEKFIE

3: SMTrAL(Tr =Ti, V, Cr, Ta) @D Ca/T DREMKTFE

4: SMTrXo (Tr BRBRRE , X Al Zn, Cd) DRULEDBEMKRIFIE

[11R. Higashinaka et al., J. Phys. Soc. Jpn. 80, 093703 (2011).
[2] A. Yamada et al., J. Phys. Soc. Jpn. 82, 123710 (2013).
[3] A. Sakai and S. Nakatsuji, Phys. Rev. B 84, 201106(R) (2011).
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[4] T.U.lto et al., J. Phys. Soc. Jpn. 81 SB050 (2012).
[5] AiE A fth, BARMEBEFRE KA 24aF21-7 (2017).
[6] B15 £ fth, HAYERFERMEAR 13pJD-12 (2016).



[ s4RAE(0.67 ps/Sm) P SM3* DB A Z >/ (0.85 us/SM) D SEARFENDEH DK EIFIETNTOE T, BTtk
FIEHMEF uSRERMAIDNSLEAEN TS, PHEFREROUMIBEZRED BMAH IR F OB SIEIE
RFDHTIKHBETET, NEBRFEE—AVIEFOTEHLDH>TVET, INSDTELY, EEHAD
EXREZBFEAEDESHNTREEINE T, Tk, SmTaALDNQREIEICHITBTEEDAIY A FDAXY b
IV DREKFENEMAHI B FHREF. E[EBFREF CIEFHATEGWILS]N BERAEICSS
BTANACEBFOHFENREENSHELGY T MBI EFBELTWE A,

BALRDBRELREFERED. CecREOEVETFRELIERLGDIIRDFEVEZRLET, ERORTIE. EVENR T
D7 IV RAREERE OEE SN PauliBBAED A ENE T H AR TlE. KEGEHMERSDEFEL
T EREIH TR I ESNBMEKE— A b yer ZF D Curie-Weiss G IRDFEWVH RSN E T (K4)
[1-3], COREEKEMSEIE. Sm>* DELEREB LT SSMTr2X0 (X =Zn, Cd) DREKRFHEEBASHNICEES
TWET, SmTraXao (X =Zn, Cd)lE. SMTrHALEEIROA TREEZFHEE T H. c-FERREHL . BEL
fEMBFREZRLE T, ERIC, BILROREKFME T, BBREL Curie-WeissH xR W ER I 2 &ITh
A BRIBMEOREMREFEE T, AENRZ TR T 2-logTEEFMHIFERA TN TOE A,

SmA A > DEEVsmld. XERRURANY OR
JE— [7 X RN 7= HERBITKY., F
)l E+2.85Mf T dH Y. 107sec. L F DB fE X
T=IVTEBLTVWAZEL D> TVE T (H
5)[8ls Vsm(LA T XASDRAIEEZIET)IE. £2TD
SMTHAL TIFIERICEZRY., REREMKRTFL
FH Ao —7H. SMTrALE [E) U B I # Rz 5: (a) SMTi2AlLo D XAS X% L (b) SmTraAbo (Tr=Ti,V, Cr, Ta) @ Sm
BVWEBFHRREZRT SMOs:Shbu D vsnld. FIFRIC A D v DRI
=R CHEMEBEL (+2.844f) ZEX) F I HN SMTrALLIF R, logT Ic&#ELT+2.764f (10 K) [ZiR 2 T 512
BZ20WZRLET[9],

LFEREDREGIRDFEVDOSMEEKESEZRASNCTHIHIC. SmdaxTa AL DYERIEZTT LA x
=0.01DRICEVTELESIBINRICEEEG -logTHREMDERRAEN[10]. ZDIRZDFEWVIIIEFIRRALR LIS
ISBEDIEBITNENTENDDVE LT, el vanlCBAL TEHIFRMARLEARGIRDFEWZRLTE Y1), B
BICHIRR G BESY R O P RMEECRRE I SMBY A N THRIBI BT EEFRHLE LS,

[71R. Higashinaka et al., JPS Conf. Proc. 3,011079 (2014). [10] A. Yamada et al., Physics Procedia 75, 522 (2015).
[8] S. Tsutsui et al., Hyperfine Interact. 238, 100 (2017). [11] A. Yamada et al., J. Phys.: Conf. Ser. 683, 012020 (2016).
[9] K. Fushiya et al., Phys. Rev. B 92,075118 (2015). [12] R. Higashinaka et al., AIP Advances 8,125017 (2018).
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RRABRREIC T BTcsd. SMILARILEMICK ST, B
FLEEAGRE. BUHSKETE— A M SMBSITEELT,
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B6ICy & e DEARZRLE T, Ffe. PREMEND
BERFCTRLTWET, terr > 0.4 ps/SMOTEFHIC I
SmTr2Xao (X = Zn, Cd), FBER 7Y 7 )L E A Meahh
UELE T, INSDEMDSMDAEFIFEEEF
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NERE BRE— AV FDOREIHIMHFI TN TNS
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SEAERE FIMEICIE. MBEBRESNKELRREZ RS
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~2X 102 mJ us?/mol K) DIEFRICEFET HHERAHLES
NTVEY,
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FTNBE T, KEWEREIN LYy ZRLET, Sm* &
BEHREZELGV—EEERKETH DO, vinH'2
WOERKICONT Y BNRD T HDIFHEGIRDENT
¥, SM*IRAGESBFEBEEZRE S5, MHE
HEDHFELEZ SN 3MMHL CIRHERNRICK Y
BHDURD LB CEVWEFRENRNSEEZS
NEY, MBDAL Ly DEFREEENICRSE. CeR
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ERBBENATERTFOBEICLSBHEWNNETEDT, IOLERIE B—RNITIESMODALKENBETH
BHTEERLTVET,

| 3. ERwER

CDESHBREREAT. HISNBESE S DLSICBRLESENDOTLESN? BEASRETH7E
HFARIC OV THEICBN T E TV EERVEBNET [10,11], £TBE L OIESm> 1T ST 3o IkEE
TF ([®2), FRATIELEENE) = 00— EBRESNRELEZ0T [12,13), PEEOHSHSEELD
ERPSEEEZ L, —HCALBMIHIFZ0-F BEEOMHGSEEUTVET, LHL, CeDdfoikies
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DRLUIAREDLGH T AEBREDBEADEEZ CHAHIEDTFREINDRTT, CORUICEELT, BHE
fSEXUfOREZHSDICIHS T EZBHT T BUDOBfbZ1T5VWE LT, Ihb5. E7/IVEREELT
FeREDOHEZEBL. [« D—ELBZP —EHBZEHRBLZOIEVNIDDTY, Sl HLXEMFVZR
MMREH G BB RERMEEERZE T2 _8E7 VA -V VREIIR vy TENE T, RITEL
D7V E =Y EBE, Z A Ya R E PRS- EEROABNREEICEELTRANONTERERE
Hdh), BROBEZCICKYBAR—EREAB—EHEOBCEFEBZRLODIENEHEINTUVEL
Teo COBFEBHSMRTE. ELODH CORRICH T BEH/NE A7 7 DERTLHOcDIF T,
EEL CORBICHEAHBEZERAL. BNCEFEROFELMBPSE TT/VIRERFEELE
ERNE LT,

Tl NIE BROZRIICK UTHED BB HMFIE L., S5 R COLEBVRER y DRBHERD
TN, Fcy OERDLVERICRSTEDBESHMcGYE L (B3), TSI, IBMREE—REHEDLTIC
XTIV VW e x [y BERB R TIHR L. TDRFEBBCRO ONEREZESILEDDE LT,
MEREDENEFRETIEVAIVY VHIEW=1~2EG525DT TNSEDLERTEZINIE, —EDOHIZHR

WEBFRENEGEBAEICRNEEASDIFTY, . BEFENGILIC, PEAICESIT2RE=8EN
TREEIXINF-EMLLEOTCLERDENBE CEHBEDNELCHIENASHERY, TDH, DK%
BEVWEFRENECHBEBER CECHIEETENE Lfc, DD, LBHEMA ZBBEET ILICEKY.
MERBEIFENICRBTOCEVEFRENFON. TNOHASMRETREIN TV SEERRZ RGBT ST
EDNRENTZDIFTY, I BEERICHEOTUAIVY VHDBDTHEVDFHEIE. EAHRIPITRERIC
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4. £&8, SELTEUEEMISOWVT

AT EESMRDOFHELTEB LD DHHHBHBEREVEFRRETDERNBERICOVTENE
B TCWlRER LT, 55A. BB EINTETIVICLZBITTHY ., REWME LD/ OISR
PREFEREDLEBICOVWTEZLDFREDZOTWVE T, &fc. SEIDEMIE—FHEMERICKDHLDT, BF
RICBVWTCEFEBPEVEFOUEDN EDLDICEBENSNIIERNICEELRROEETT,

AEAIRTSMEBHET 21 —OE VL (Eu) ZEGEMICOVTE. SMREFRKICEBEBSH AR ICEL
BRELTCOGEFEFRRGHARNMILONTOEDT, RRICDLEFIAXVFLEVWERWVWE T, EuDIFE, 31
DO BRI DIEBEMER G, 2D BESRI DB I IG L. Z DEDME P S EICIESMREDFE LMD B
9. —7A. FUDFEIICE VT SLEAEFEINERLAEV RIFOWDISEVEMIREICE 5o (K
2) BEDRBREZBETES. SEBNLIESMRICEIT5BAA—EHLAB—FEEHOBHRS DMEN £
DEFEURICHBEATED LR EAE B LHLDELESD, BUILHIT B ZE—FBIAD S DM 5 EIL.
SmEBER BINZIZEEBEDREILZHELET (K2), TDRELETELHEMED DEKROMPEIL, &
EITI-PhysicsETHEINEELD T, SIMREDFLEZ LR CHRRAZED D LITIEIKRERERZDHHLER
WET, AEOZTD—BILGNIE EEICEOTENDEUTY,
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A most prominent manifestation of many-body
electron interactions is provided by f-electron systems
in which the correlations are so strong that the
guasiparticle effective mass becomes orders of
magnitude higher than the bare electron mass. This
leads to intermediate valence, Kondo, and heavy
fermion systems with complex electronic and
magnetic behavior including unconventional
superconductivity, quantum critical phenomena, and
multipole order. The electronic properties are
determined by the unconventional strongly correlated
character of the cationic rare-earth sublattice alone as
the anionic sublattices comprise closed-shells units
and are electronically inactive. Such examples are
provided by intermediate valence solids (SmS), which
show electronically-driven valence changes with
changes in external stimuli (temperature, pressure).
These have been rationalized phenomenologically in
terms of the valence fluctuation model of two
nearly-degenerate electronic configurations, 4f"5d°
and 4f"15d! (or theoretically by the one-impurity
Anderson model). Some of these systems (SmBe,
YbBi2) have been also identified as candidates for
topological insulators.

This contrasts sharply with the strongly correlated
p-electron fullerene solids in which strong

correlations are exclusively associated with the

electronically-active anionic Ceo sublattice. The
guestion is then: can one fuse the two behaviors and
couple both electronically-active f-electron and
fullerene electronic structures? Evidence that this was
feasible came from our past work on rare-earth
fullerides. Selected systems, such as intermediate
valence Sm2.7sCeo and Yb275Ce0 Were shown to exhibit
both temperature- and pressure-induced valence
transitions accompanied by drastic changes in the
lattice metrics and the conducting properties [1-3].
This important question created the opportunity to
synthesize and study new families of hybrid
molecular-based Kondo insulators and heavy
fermions with strong coupling between charge,
lattice, and spin degrees of freedom. Such fusion is
being pursued within J-Physics and is now leading
to a new family of hybrid f-/p-electron molecular
materials with unpredictable and theoretically
challenging physics. These f-electron fullerides
have properties intrinsically unattainable in
f-electron systems with closed shell anions (like S%)
and in fullerides with closed shell cations (like K*),
and entirely novel phenomena are expected. The
project has two inter-related parts:
— establish a robust chemical methodology to
synthesize new hybrid 4f, 5f-/p-electron fullerides, and

— use chemical and physical pressure to control



Figure 1. Temperature-induced valence transitions in the family
of rare-earth fullerides, (SmixCax)2.75Ce0 (0 < X < 1) probed by
synchrotron X-ray powder diffraction.

functionality and study structure-property-
composition relationships.

We made significant advances within J-Physics in the
past two years and established robust routes to isolate
the ternary systems, (Sm1xCax)275Ceo (0<X<1) - here
the valence change is quasi-continuously cont
rolled chemically by the co-intercalation of the
valence-precise Ca?" ion. A new family of intermediate
valence fullerides has emerged with tunable onset
of the valence transition temperature, which goes
to zero in Caz.75Ceo (Fig. 1). At the same time, we
added one missing piece of the puzzle by going
beyond diffraction characterization techniques and
authenticating the rare-earth valence changes
directly at both ambient and elevated pressures
using element-specific spectroscopic techniques
(Fig. 2). What is intriguing here is that, while the
response to pressure seems conventional and in
analogy with that of SmS (sharp increase in the
rare-earth valence with pressure), the temperature
response is non-monotonic: on cooling, there is a

continuous increase in valence, followed by a sharp

Figure 2. Temperature- (top) and pressure-induced (bottom)
valence transitions in Sm2.75Ceo probed by synchrotron partial
fluorescence yield X-ray absorption spectroscopy (PFY-XAS).
collapse at low temperatures, indicative of the
non-innocent nature of the Ceo sublattice, which can
accept /donate electrons from/to the rare-earth 4f/5d
bands leading to a complex electronic behavior.

The research members who contribute to these
research activities are Assistant Professors Yasuhiro
Takabayashi and Naoki Tarutani, Research
Associate Zhangiang Xu, and Master student Naoya
Yoshikane. The research activity of our team consists
of two integrated components: (i) establishing
reproducible synthetic protocols for new materials
discovery and (ii) accessing new electronic ground
states through advanced structural (synchrotron
X-ray/neutron diffraction) and spectroscopic
(XANES, RIXS) studies and physical property
(transport, magnetism) measurements of the new
materials following systematic changes in chemical
features and external physical parameters such as

pressure.

[1]J. Arvanitidis et al., Nature 425, 599 (2003).
[2] J. Arvanitidis et al., Dalton Trans. 3144 (2004).
[31S. Margadonna et al.,, Chem. Mater. 17, 4474 (2005).
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INELABEF/\NY FELLIIMEE/NY FD—HDH
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(TAZv7A—VDEENKRELMEF/NVERE
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HBER) O 2@ENHDHTEHAMENTLB[9-11],
REZEHNRERELLEDZIDIFELIENRNSIIE
ICBVEDAEETHY. K 2aDCooMnGadD T A
IVRIEEEICZDESERRICH B,

IAIVED LSRR E DD R (SRR
IKIFV 72wV EFHRAREFENDHERTHY.
Z DL TIEHRA GBS ICHBEBDNERNDTE
HNETIVEIEDL SEES MRS Tz, REEICCo.MnGa
D IFRER - BE—REHELLICHBEBETT,
DIBEEBICIVEBERIVL YA MNRHIKRE D
TWBEEZSNS,
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RAUAADSBEREZELHASERVEERFRT
TONTERD MROBEPIXNDEELE
FRARGREIERDCORLEILCERTBICIEEO>TY
BTV AARIEEE RV A MREVNSIEFHLL
FERICEDAZTERETRRETHEDT, EE -
BEMH - A MR EBEFERMICIE GO > T RENL D
%o CORBIEDFHEMOBPARRERICSHET SR
DARICKVERB T HIETERRITDOENDIED
TN,

AEFZRIE. B R TR EAEAE (JST) BBSEBIE b
FEHEEE 3 F— LAUBAZE(CREST) MV hT X)L F—
R AL BFNGRERERMORIE ] B
(FFZR401E - RO . MIZREIMRTE  HOKIEE)ICH
I TBMEREBE N ROV AV EEFEEEFBLE
BEHFNIXIE—N\—TTRT 1T DEERITA
8 XEHNFEE NEMRE®BS FAME -
Physics : ZBFRER DR | (FAZRAR | BEM
8) I BT BFRETEY TA0]: BESWFLEEE
FOHEBAMR] O—RELTITONLEEDTH A,
BRERAITRELERL EIFE T,

[17 A. Sakai et al.,, Nature Physics 14, 1119 (2018).

[2]T. C. Harman and J. M. Honig, "Thermoelectric and Thermomagnetic Effects and applications" McGraw-Hill, New York, p.337 (1967).
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REKRF
REFIRFHAER
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REKRZ
REFEFHAER

ZWFEEFDHLEEE, MEFOERIFICENT
BREEPERBEDEAMERE O 2YEE
THhole. INETIEHIBFREFLELT, UED
DRERFICBIFEEBFHAERINTE. ZTLTHE
B CIEIN=ZIRL, EBRDODRFHSHZTVTR
RNCBIFBIERZBFEZRELTWNS. EIAHE
FMETHFICTAINEIARNGHERICE TS
EFNENGEEFTHY, TTTEBMFEERLEK
S2LTBE, IBEEFHLCERINTLELEN
SHEICEmY 5.

RIETORHITIZBFRENNSNTND. £TE
K[OMIL, HamiltonianZ BrEARYICERL, KNS
BRBEZBN ITBHIETEREN, Bloch/KENES
HDBerry#E il TN AHRAENZETEREIND
(1. BB LIE, BISPTRAFZRT Y v)bZS
HIBTLTHEONZRNFENGMEETHY, P
(&4 Bloch/RENREEE FALNTER T TEHTES [2].

AR TIE, PERS BT OFERICBITEET
NENGRANZEH LT 3], BIEMELT, Bl
W7 EBERMSUERZTEDORB DB 5BFR%Z LA
LTz, Bonfz2 & BaMn.As; & CeMn,Ges,SikD
BEWMRE [4lIERAL, EXMSRESEADEHED
HEEDRAEVITHARTKRELRYS>BTLERL .

BSOEFMDEES LUESMIRZERaL
DEZRLLWBOHED. UTDZERISEE, A%
BHOTHIIIDEDTHY, AMZRERICKIIO>TRE
VNIEDWTEBEINTWLS [5]. LKITDWTIEiAT
LERHTIEGL, BRNOAZIVIRFEAE Y,
SEBFEFATVLDD, BRTEESICHERS
BRFIISEEV. BEBLDIFRNFLEHRIFD
BOWBRET DT, OB TIHRALESERS. #
HNERT v IO

Iz, S, M, NIFIT>bOE—, Bk, KIFET
HY, T,BY uldBE, W%, CFERTVIvILTH
%. BISHEFEBUICHEANTHOEONMELT
WBETBE, BRBERGRT

IHER S BTENTEDTHAD. TIHBEDBIC

5. T=0Tie
BERITOMEBRLHELDT, gN=
CCqlEBEFDERER, P

&, S=—030/dTEN=—30/out 18
BETHNIE, E
BPiIEEREND. T

]
[2]J. Shi et al., Phys. Rev. Lett. 99, 197202 (2007).

[3] A. Shitade et al., Phys. Rev. B 98, 020407 (2018).

[4] H. Watanabe and Y. Yanase, Phys. Rev. B 96, 064432 (2017).
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BED. COESICBFABRANZF LWV DD cUEDD
REDLS, BOHAZ WO LENBZITT, B
MR FLBRWINROBERZIARTEIENT
x3.

EEIETERDT, RIFFHETHS. BEAAT
DFZTENEFTIDEIIE L. BELEZDIEE
DEOICHIBZEATEZHLTHY, [T —I P
Landau7 —VIFMUBERBEFHIRN DD TEZAEL.
ZITAMETIRT — IR EGARBHAZRAV .
ZNUZKeldysh GreenB8#z 7 — I R E G EHIZ®
ZDMAICOWTESERITZHETHY, LWEL
B DIEHIZEDM P B EDTHEL K. Bk
FREETIZGELS BEQITKET BT MVKRTY
v IVAQZEEAL, AILDWTIR, QITDWNT2
RETERALTELECERNEONS [6]. OT5
FEH T &, BlochiZENRIEZ AL TELERK M
BFMZERTIENTES.

BONERRELRZERT Vv IV THR TS,
HEBRHMRERZ R DESNS. o/l ROT A
JVABIRARDXARCREICEH ENTEY, 7o F >
BHRZFEMIENSE - BIEEZNUAICDITENS
[7]. BEABRAEDS/EONDDIEEREDIH THS.
W5 $oB=0% I IO T, PEMIEEMTFEZN
ICHS 9 BE - BIEIFFSNAEL.

BIELT, BPRMIC B REN D RN o R 38
Bi MR BaMn,As, & CeMn,Ger SivaEE 2. TNHSIE
REFR DM A b LI, R ICHES

TRERENMEDBEN DB THY, LEREE
THHEEEMBIC IO THRRT75BT SRS PR
FDBAKF CHAHIEDERENT LS [4]. &b

BT, BOLEHLIBEWREZBAVTHNERS
Uil F BRI ERRRRZAE L.

BaMn:As; T3 b D cBi A mZE RN TEY, XHR
MDD M=—MyDIHHFFEND. NHZEHT B
ICHMMEERRELTWLEWLD, Mi=—M/LA DR
FETREITNIEAS. ERBEIRZREANDNEDST
51313x104ps/mTH Y, RV DEFE5-15x
107 ps/m [4]ITLENTHERBTEDELDTIF AL,

CeMn,Gex-Six Cld g b HabE A I Y, SHFRME
H5MEMIBFFEND. FITHEICDOVWTE, ER
BMRRZENDHEDEF5IE-3.3X10°ps/mTH
D, et E IS NENE DD, AEYDEF 519X
100 ps/mITEENTT0EU LR EN.

fEaRIcBIT52BTIE, BLE5ERDEETIEE

, BRSO REZIECHETEIREMEEIGEEM
BHNICBERLTWVBIEDASHICE O fe. &REIT
H20ED, ZMFOBEGAEEZBNTHELL.
BEARSEEFRAICERPHRO RN SNernst
MRPLEHHalIZNRTIE, Kubo AR TREEEFE
THET=0TERBTZIENHMENTWNS. Thbic
FIEH L PRI EMA ST ET, T=0THASH
ERICELWERDLES N, MottD BIFRH P
Wiedeman-FranzDER)Z R TENTES (8. T
TR E BRI HBREEZFH DTS, 8
B E TRIVF—DFRICHERLEHDTHS.
KU—MRIC, BEARICHTENDOHDISEI,
ZBFOHEITNEMENICELWVERZESIED
TEGWEEEIFEZTWVWS. RIEZDVEDDH)
LT, BEQRICK S THREDFEINDIRRIC
BIBAEVHESUBRFOEEMZZHLIDT,
HHOETTEWNEERL 9]

[5] Y. Gao et al.,, Phys. Rev. B 97, 134423 (2018).

[6] Y. Gao and D. Xiao, Phys. Rev. B 98, 060402 (2018).
[7]1 A. M. Essin et al., Phys. Rev. B 81, 205104 (2010).
[8] L. Smrcka and P. Streda, J. Phys. C 10, 2153 (1977).
[9] A. Shitade et al., Phys. Rev. B 99, 024404 (2019).
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HILEMBEEDTH S,

ARIBTlE. URUSRAITEWTI7KTREES. LDk
% BN E GEICETANMRIAIEDEhY &
WD, FMllEFERRXZEREINTWL1,23], £k
URu:S Tl 8515 8E1.7TKTCEVWEFR P 1 Z/bd
WRBIGEIRREICR D EEZSNTHY., ZORRIE
BNHEEREICEETZEMATNTNS, B
CEREDHMALEMEETOTVADT. ThBE
EmX=BRENTL[4,5],

HA&2ld. SiERut A D FEME7ENMR/NQRD B 35
Ik, BN BRFIRRETSIERUY A b O 4 ENFFR
MEHMREIN VWS EEERLIC. Rub 1D 4
Bl FRMEIC DL TIE. FIHADNQRRER T TIHE
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béb b BNHBEZOLADRULRZEED
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Ho>TW e, LH L. R PEIICTEE TS50
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D TPA/NclEBN R IRRED I FREDE N7
BHTHB, 2 DDREDENDDENTIHZE. &
DHDEBGOZEEBENMBREE G DD I TR
N7%EW PA/nncD#FIE, Z>7 5 DRBESHE
N TATRFITRIET B, DB, U A MEDaDXT
MMEZERS. TDEMIFRITIEDan DALEK: xyz
OEy) 1SRG TS (K 2), TOIRREIFUSTBE TS

TIIBHTET . UABEDTEHDRETH S,

2T WHpBN\ALT )Y RZBFICHEOTWNS,
ZZ T UY A FDOREIIED BFERITERNTL
SFEBEBICHEOTWS, IREXTOERTIL.

USFENE CRERENAB/\U T a2 RFEICHE W T
Tl BN MFRRAZESE—ALELN

DfERHESAE. 14/mmmEFCDaED T, BREH
I DIFRED S IEPA/ANcERETERL, [>T
BFREIEDL SEETHLHGL, T 1HSDHS
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DEXRDZBFHREDSHIET DI LILED, NS
FHAERAE CLR#THY . CORIEIESEDR
BCHB, I\AT) v FEBFHRFEHRIEE NN,
5% ZWMFHERROBEHIIKETEAL. ZEFH)
BOHGHENEINDEEFTES,

KSR RFHEIBOIRERZR G, BKG. BH
RH, LEREFTHE. MEEE GREEHK). FESH.
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U 4/mmm 422
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£ 1 D ZERIE# 14/mmm & P4/nnc TOEY A~ D BPTFRE

[11S.Kambe et al., Phys. Rev. B 97, 235142 (2018).

[2] S. Kambe et al., Phys. Rev. B 91,035111 (2015).
[3]1R.E. Walstedt et al., Phys. Rev. B 93, 045122 (2016).
[4] T. Hattori et al., J. Phys. Soc. Jpn. 85,073711 (2016).

[5] T. Hattori et al., Phys. Rev. Lett. 120, 027001 (2018).
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SEABSIBEDGEENEESEDHDELSF X
A2 ERTBHIENE, KEEBEFERADHTIET X
IWF—MIICRETH DD, F oIV GEREEEET
BFTIVSBABMERICBWNTIE, BRE— X2V bR
FA7 - RFATICHIZ BT EERICNAT, B
£ — XA b%Z 1 L %Dzyaloshinskii-Moriya (DM) 48
EFRICKYREEDHDE—HMXZEIT LTIV
SEABTIBEDNBENICERINS. CDEE, E
BEENEGFRDNEFRENMCELOTHIE— AV
ZRLCAHAANREIND. TORR, BREELS
YABKIBEDF ) TAHEET2.2DFIILS
YRR, BIZRTAFIVIAVRFRFIIV
BV )RR FEVOTHEGRIIBEZNT
BENLIFLZLDIBZEDHTNS.[1-3]

LHL, F oIV GREEEEER T 5REDEKTS
INEEMICHE VT, EBRICEFREEFROMERIE
ERAAVDNRELE S EIN@EDEREN, F5) U
MARDHREICBITEREREELZOTWNS.HIZ
BFREEFRER N AAVHTNTRELTWSS
TINGEER CRBREFEITAEZXRELITGE,
TNZTNORESR N AV IC KBS EELRENELH
DENTLE DA, BEELEEEOHIN A/ EH
T1EBRAENTLED. DX, DMEEERIC LS F
Z)L5 B AR R 7 BRI CIREE S B AR

FRELLLFEFROHDfEGRF T ) T4 EAATHE
N BEREEN T DUEDDS.

CsCuChid, MR £OGF ) VR ZE/EEEP6122
(BFR)RUP6:22(EFR) BT HiEmiBEz i
I5. %7, 105 KL FITEWTHESTIR AT b ) UKnag
=(1/31/36)(6 ~009)%FE T 558 A IEIEE
T 2T ENREFRIFICKOTRATN TV S.
[4] AHEDZERIEEH S, DMARY b LI Bl FITE
(KIERFITDEESHEEY, EFREEFRIESR
DDMANY MUIEHEHEDBEREES. K0T, &S
EDFSUTAHRETHTEICEY, BRE—AV
ZRCAAAERETS.LHL, BEDFETCEESR
ZERLIES, SEINEERLHEONEZNTL
DN RERIFEEICH T BRIREE /55, [5]

B 1 CsCuCls d (a) BFFR (M8 P6:122) MU (b) EF X (Z=f8F
P6s22) DiE&IEE . FID Cu ¥ h EICEESNIKREIL, (a) B
EERU (b) E%*#?)b%ﬁhﬁ%’i*ﬁﬁ%ﬁ‘x? .[6]

[1]1 S. Muhlbauer et al., Science 323, 915 (2009).
[2] Y. Togawa et al., Phys. Rev. Lett. 108, 107202 (2012).
[31Y.Togawa et al., J. Phys. Soc. Jpn. 85, 112001 (2016).
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KBTI, S ABMERCCUCLDR FRDOKE &
FIOUTA TR ENCERRBERFELRERM
FEHTAIEICK D5 AMTIEBED N> 71 DFF
M EZ4BNT 5. [6]

BAE, KaRzEELGEDSRERERREESE
HERICKY GCUCLDBERBEMET O . XKARL
StEmARZITOHE, —MRIICIZNE R ZIREN G
EDNNERZ I RYBIR LICIRIBICEREL T
350, BEEICBUVTIE, H¥EF%Z100~120 rpm
CTEERETEZIETE-H—RDKARZ BLIE
BEEEASKEREZTD. CNICKV. &KX
SMMBEOE—OREREFS) T THRMREINTE
fEmEReTLlclic. BRaFZIUTARXAY
EHE—|URFLEEER SVABEDOERERZERT
B WEETHEONERZEERERE L TRFIKX
BABRPICHESE CHRERREZIT .1 vAREE
DERICEII0~15 mmBE L TEERZ AL
IHIEICHINLTE. [6-7]

AR M7 ETAIE I, J-PARCMLFITERE TN
e tEF A - IRAEELEEE TAIKAN (BL15) R T,
Maier-Leibnitz Zentrum (MLZ) I 5 & & 11 fzPOLI
ICCEBLIE 3R TREEFTAEZITORIC
CRYOPADZ AW, EFRAKRUEFRDHD K XA
VTR ENTGE 2 DD B R AN = MRS R E
LT THB4KTRELS.
SEABIIBEDAEENEEEDHTF A1/

ERETBAICE, cHITTFATITEWEELANY MVIC
BWC, ALY REDBIZETH B x, x P, 2 BUAIT
BREHLDD. (GH. XIEHFEFAEY DEFL 8
THY. BENTMNVQEFITHAMZETRT.) LHL,
CsCuClsd, B SRmiR T MILHN(1/3,1/3, §) TH S
A BK[GRAT MV EcHIFIFIFEEDRERICH
5. ZTT, BEANY MV ECHIGE DT 241, (173,
1/3,6x 8) Vo TcHELHDBRE 2 a2 AlEL

e BRICEFRRUOEFRER CRALCHEIE
ERHFTOT770)IVERT. K4 @) BFRE
g ®D(1/3,1/3,6-8)E TIF, L, « ClIE—TDER A
END, 15 « CIERBRGE-VBELHAETNE
bofe.—7, B2 (b)ITRd (1/3,1/3,6+8) B L
T, B, K CDHRE—IDERIEN . ESITHE
mEEF )T DEDEFRERCAET DL,
SlcCDBEFMAREL. FIAIE, K2 (lcmd (173,
1/3,6-8)EICHE VT, Iy,  COHE—THERIEN
fo. INSDOERBRERIT, BEFRERIIBEEEFIIV
SYAHSIEE EFRERIIEEEFTSILSEA
HWREEER ML WD EZEBKRL, CsCuClDfE
EEBET ST LOBABTBEDFSUT 4D
DMAEAERICE > TIXH TS IELTWAHTEDE
BREVICRENTEERS.

M4 =ZRTRERITAEICK 2EFRER (ZRHEE P6:122) D
@) (1/31/36-8)ER U (b)(1/31/36+8) HDWEET BT 7
MIWRUEFRIESR (ZEEEEP6:22) D (0) (1/31/36-6) @R U
(d)(1/31/36+6) DWEETAT 71l .[6]

[5] H. Ohsumi et al., Angew. Chem. Int. Ed. 52, 8718 (2013).
[6] Y. Kousaka et al., Phys. Rev. Materials 1,071402(R) (2017).
[71Y. Kousaka et al, J. Phys.: Conf. Ser. 502,012019 (2014).
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CO1: IV THUVHEABFERICHT 5 RUMA EVFBEHEERDIIR

TR CeT2Alo (T=Ru, Os) D
R AHER R IR E CETHEEI N2 ?

(=)= I

FEORIAETCIDRERFZENTWVS, F
Steglich&H. Yuan GRIEER##2, SCES2016[E
fEE) DIEREME IR >2—(C20185F10BH 53
DO AEREELTHELTWS, XRIFMALIEA TR

EHDTcDT, FBNGREICEAHTLZHFHFLL
12 & 2L CeTLAlo (T=Ru, Os) D38 TIET=Ru%K

THRITLTVW AR - 80 - R - Mignot K5 & D
BMEEBTT, HAIET=0sRER/RELTES ., &
BCIEEICHRLDOHEITDOVWTIINBZDT, HS5D
BEELGMERMRICOVTE, BETSHXZEEIR
FfelN

1. 27KTOHEEBDORR
Fi% £ 20094 D Strydom DFRX T B[1], HiL

CeRwAh N HEHN G ERIENZRLEHS5E27
KC2RhMBEBERd L2 RE LT, LhB/RE
(C/T) ERAL IR E—V &R, FERERE B
ULEHBTEDD, ASHDIBEREBRHEIST,
TNHOBRHEFEEHEOTWAERELT, ZDs
i<, EREET*ERH Lz, IN&IFIRILIC, &
RENADOTERICAIB LTV EHBE KIFFER
{EEHD CeFeAlohEBEF BN THEDI L EHERL
fz[2l. RiF, CeRwALDIBEZE R DIFTWND
THBD, MEFREICM2009TDRRKICEEST
WizBle ZZITEN DL FER K S DFe, Ru, OsFH
DEfERZE RV RIRAZED X/ TH o [4],
EA@DafiBRANDOHEIEAMNRONIEITNA
T, c-TEMFRE DRy, Os, Fe R DEHZE T@< Y,
RURZMETZEZDESENEDREERLIE, B
FETTDOsHENSFeRDEDNEIER B L TTT<

S5 DI RCR

[RBERFRFR SinER SRR

CEERH LT, EELIERIE, BERED27 KN
GAREWNEFWNTILETH B, COREICREVERR
El&de Gennes scalingh5FBENEKVEZHTE
BLDT, BREBE TIE5<COWER TH S LR
L, & REETEEH#H L, (CO@RXIE, TDE
ICERRLIHAEDOREREGOILT, 20185FH
ABERBEERITONT) 5IEHVTE
KD SIERURDZAIDONQRIEEH 5B D Al A
PO UMEZFRWNT, TR TC2RICEINSZEZERA
L, BB ISERBIEREE TH5 LR 5],
ZZT, HARIFBEERCeOs:AlDFRXIRTET, 28,5
KTDRBHEMRKEFEWOXRREZEHIRL, 8F
FREHFTISKICBWTERIENTzq=1(0,-2/3,2/3)
DEBEFRFAZBIUELT, FSHDEHRFH28.5
KT EN5&LT[6],

2. RS DER R

BRI OBREZEAT2ERENTHZER, uSR
EPMEFEIIFTTCH S, £ T, HLIEEEDISISIC
AdrojaFc & B TE— L2 A LZBHFELT, ZiEsH
AR ZEEO TV e, TDREICREAEED/NY T 7Y
TEZFHEAERD, WBEELCeRWALD UuSRT
WNERIZDREZBAILT[7],

A< DCeRuAloitilZ AWNT RGN R £ Z D
BistEiE (Fig. 1) & R& e DlFKhalyavin K5 TH %
(8], IEBENRICKDT0.34 usE THEA L CeDHER
E— AV MBS REHDcEH LR ZRAE, TOWH
SUBIEIT KN MLk = (1,0, 0) CHEfIF5N 5,
Mignot E5LEHRRDIES ZEAIL TL DY, Bk
FElEEm LA 29 OsRITH WL THUSR




Al
Ru

Ce

Fig. 1. CeRuAl oD [ S&EE M4 #FFAE3E (8],

TRBBHZ ORI ENT, BEB IS RREIERF T
HHTENFEILLTZ[10], TNLEK, SEEEZEHA
ETnERC g T &l llc,

3. ESLTIWHZABICEL DL ?

RICEZBDNERREIL, [CeTAlo (T=Ru, Os) DTy
HRESLTGAILEMEVEBWD? ) Elxote, Bk
BASIRED 20 KEBZ S Celb &ML, TDMICTH
FEEHMSNTWABD, GAREVEEZRENELD
l&CeRhsB /2T TH B, Z D115 KT DR IR
ITlEe-FRMABEELTVAS LWL, ZO#EIEE
REBEINEEEVEEVLSTHS,

EC AROBVWTNDREZ NS I, Fhld
ICM2009 CEE LI ANE—KIC, FEEEDH
BBz, BBICHIE, CeOs:AloDERMF vy
TIRICIEEAEDNEND, E/bDHEEEEH T
SUEHETI0KEF W3IK[FIEH 520 meVICEE &
E—0%RmT5D%EA LI (Fig. 2)[11], D
EH5, AKIEEANGECODWRR N R F
EFETHERE L, TDHE, RHEFIEHMEEL
ICHBIFB1T meVDORAEYFv v TEK3IKUTT
KETHIENHERIN[12,, — A, BERIZE
DT TORAELS, BERIBMOBEERNZEENKD
NTETNEBWVWEERSD, LLADBKUITHIST 2
dixT)/dTHMEELESICHEA LTEOICESEE
BRI, BB D RITHKRTSHEWND, DB E R DY
BHRFERHLI[13],

FERIE, COBRBEDCeT A b TIEbEARA

Fig. 2. CeOs:Alio DE/b DM L e HFEEE[11],

ICREMFMEEFT AW EISERLZ14], 2D
N T4 DiERHZ T, CeDAfBEFIEREET A D
S5dEFLIRBMTCEDDT, TNHHAEEERA%ZR
HBEWVWSETIVEILTC Iz, Fig. 3ITRT KT,
RBEEREDI EFLSdBEFOFBEKIIES
S5EbEAAICERUTVAZEISERLTIELLY,

Ce 4f Ce 5d

Fig. 3. CeRu:ALo DIESRIBRERAEICH IS B CeDAf LS BFDE
#0m [14].

4. APBSVLTNORIEHEHKF DBESRED?
INETOREBERDLS, ZDDEHFICONTE
271,
(1) c-FBRF vy TOEEIEBREL?
(2) CDWHI BRI F v v T (E/b)ERAED?
(3) CeA YA FTDAF-5dBRUILREL?

S5 O IE R



58

FIT MOV, c-HBRNREZRAEH T 578
ICT=0sRICIEALEEFZ F—TFLT[15], Os%Re
EICBHTDEZNZTNSAIEALESdBEFHN—
ENB, BIE CIEMBIEEBDRBREDDICHLT, &
ETCRBEMDLRES, ERIBEMOBEET XL
F—LTlE, EE5LBELTETISH, F—T&
KEMIFES - BEFF =TI LTIERFRT, EFL
DAEDRHINET TS, EFF—TTIETuIERELDL
ITIET 5D, CeHIEVDHMRE—A>ME0.92 u
sE CHUT, ZOEEEcEHAAL SadhARICE
ABo —7, BFLBFREy X, TnEHEETR—
TILHOTBKRT S, &F—THEEATIE, FrvT W
KREDFZEL, EXUETMDOREENEEHKDOND
EEBIT, RBHMEMFIZERT 5, 7TV IRV
F— EfCOF vy T RREBEEICKETIERIR
MEHLSIE, ErD ETFICF vy THBENEZOTLS
DEDINFHIBTTER LY,

ZZTT, ABKOLZEBEZ I T IHELRIES
P RIVDATEFREBEEDRER M EZRAE LR
[16], ZDRER, TNDFE->TWAEN—7EIETH
BRF vy TSRO TEY, TORETIETNE
R<HEBELTVWABZELHIBAL (Fig. 4), CORER
&, F—7ROAFEENSEINHERNT7]1E
WBFFBELTWS, LHL, KREEEART MV ES
AR TCRERF vy TR EHRET 5LV,
Fru T s ERERALTOVIHEES XL
PHDOBFZFIELCSD, ETNIE, c-FRBMF vy T
DEEEEVTNCHETH D, COMEIR, BAK
SHEDTWBAEEDENEFDNRERICEOTR
BEIBHTHAD,

S5 DI RCR

Fig. 4. CeOs:Aho®D F— TR DOWEMIHES > XV HTERA L 2
(@) c-TRAF v v Vi, REBRLEF v v 7Var, (b) Th, () 3L L
e 0/\1 77 ZIGEENZBCD K —TEM&1F1E [16],

ZIZQ)D MU EDRETHCODWHIER F v v
TENONIREDL?] THD, TNITDWTIE, B
Frv T 2B VBN FCEEDERZFEETS
171, D&Y, TNOEWR B ERFE ICIEHRIICE
XV THRAVNTVWARIENRETH D, TDR%E
Bhosfoic, BLclEFBEBSEBERLVELONI RV
F—BzEHLDORERERAEL[18], T=0sRDHAE
BEIIbE A MAICENTDI, BEIREEHIT36 KR
HSRIRT D, TORHIE, F—TRTETNVOTEE
IHEHCTIEHESD, o T, TObEABDIATRED
FEREIBEEMREY v THERZE RBRL TS,

(3) D ICeA VA FTDA-5dIBMIFHED? ] (T
FEZEHERERGILIFE, 7720, bEhA
HOBREENEVLTWVEL ST HEEERLTL
BHTED, —HETORALRAIED SHERI TN IZ[19],
BEEKIEELEEACILVZBWNWTMELAIELE
TNDENZEItZ, a, b, cERITXTLTFig. 519

DWW



T=Ru&T=0sZDTnlEb B R DRI E L CEfEICE
D, P RAMEGIFE LR T2, OB, c-FBAK
SMEDBEREGDX(Bla)E x(BI)DE—7REE
ZLiEW, COFERIE, -CEMEETIE G <bEH
HEDESGED KRR IRAEEERZHIEL
TWBTEETET D, TDRERERT HITIE, —
ETTCOESUES, HFEEE, E5ITNQR - NMR
DAENRCEE NS,

| S. FLHERE

UEDZERNS, (1), (2), QIEHRIITIFEL, #H5
Lo TREGRBHEMEZRIBLTVSERIFERT
W5, BENATEFREOBIEIEEEFRZ S5

TUVBEIEBELTIE, ROKSIBETIVEZEZ T
%, BAMIGERF vV 7R ENSE, Frv T
IHDBEFREREITERINDDT, INEAVT
RP|EEERASER I NS, bEh 7 A ICCOWH
FrvTHEMINSE, 7T/VIEHABEREINT
TEREERAD S SICEREND, ZORE, b#AH
IR Tz 41 BB (Fig. 3) BB F LT AV TV
LYT 0V, COEBNETIVICEBRZR O T
WeADBWLNIE, EDDEBACLERIALTIEE LN,

REIC, EREEZIECHETHHREMIEED
FHiré, BRREFCETNCHER, &@LU TIE
WeBRKICREHT 5.

Fig. 5. —8E & KL TFIC BT B CeTAlo (T = Ru, Os) DTy DI&F EEHRKTFIE19],

[11 A. M. Strydom, Physica B 404, 2981 (2009).
[2]1 Y. Muro et al., JPSJ 78, 083707 (2009).
[3] Y. Muro et al., J. Phys.: Conf. Ser. 200, 012136 (2010).
[4] T. Nishioka et al., JPSJ 78, 123705 (2009).
[5] M. Matsumura et al, JPSJ 78, 123713 (2009).
[6] Y. Muro et al., PRB 81, 214401 (2010).

[71S. Kambe et al., JPSJ 78, 123713 (2009).

[8] D. D. Khalyavin et al., PRB 82, 100405(R) (2010).

[9] J. Robert et al., PRB 82, 100404 (2010).

[10] D. T. Adroja et al., PRB 82, 10445 (2010).

[11]S. Kimura et al, PRL 106, 056404 (2011).

[12] D.T. Adroja et al., Phys. Scr. 88, 068505 (2013).
[13] K. Umeo et al., JPSJ 80, 064709 (2011).

[14] K. Hanzawa et al., JPSJ 80, 023707 (2011).

[15] J. Kawabata et al., PRB 89, 094404 (2014).

[16] J. Kawabata et al., PRB 95, 005100 (2017).
[17]S.Kimura et al.,, JPSJ 85, 123705 (2016).
[18] Y. Yamada et al., JPSJ 84, 084705 (2015).
[19] K. Hayashi et al., PRB 96, 245130 (2017).

S5 D FE R S

59



60

DO 1 : @B ST Y E DRF

ZE [ AR RME DR AN T <2 D
ESSAE | EAE Y KR

A BE

RACKRFRFIRFARR R

& A ME FRE BE  HE
SRS RS RS FER WA AR MRS
#38 FA gD 35

EERENTREOEN 2B TIE. REHALEY
MEMEBEERICK > TAEVITKSMERHEITT
TT)VIEIEDHT B, TORIEDBENITERL
EETFREDAEYBHEICLDDHIF. LA
1@ D&IIc. KETDEGAZDODTI)VIHE%E
£1c5F, CDEE AEYDEEILERFZERDK
FRICKFETHEDI1CEDH (K1(b). AE> DK
KEE (REYTIRFv—) BREBHICESZZD
FEEL LY,

ERONMEEER TS CDTTIVIEDD
HIFEDKAB THUMRTZHENHS (K1
@QDER), TDEE JTIVIEITH>TGEFT S
Fr )7 DEEIFRT(0), (d) DK ITHER R TRE
I %, il HARINS 2R REFRE DR o MR
BB YbuShslcBWT. FN—=X-T7277 IV 7T>
(dHVA)ZHREZRBWTZ D MEEsRE] #EHAIL. R
EYTIVRAFv—ICBTHEKENRRZRE L
DT AR THEBALIEL,

Yb4ShslE I /5 & anti-ThsP. A fE R g & A BR Y, 22
BE-43d. RETLICBLTWS, AEVBHEIC
SOTHHLIETDIVIZEIE3EH Y. WITNEM=
ZEARGE LT, BRIRITGEWEAC e R—IVE TH S,
& 1()E3ED>ED1#ER LTz,

Bt D2 F R8N Td HdHVARI R D AR # &
71)VIEOBEMERICES TS, 7TIVIEH?2

ICRRLIESDIFE PRLTTERLREVTT
JVEEENEVWTTIVIEICSC T 2D DE KD

S5 DI RCR

IRENDERRIE NG, LTAD DRELEETTIVI@EIC
ERLIERDHDE FvUTIEZDMERAT/NE
W7z)VIE (REIO#HE) hoREVWTIIVIE
(NMAIDEE) N\, HBWNIEZDHDEEEBEDTE
HHpED, COEEFY T OHESEETHENT
BEMERIE2DOD7TIVIEDEERS LI
V. 3DUEDEFIREBDHAEINS, AIZIE. &R
RHADDHZEIESDDIREDEHA TN D, EIE.
YbaSh: TIEEK2D B1- BsPy1— ysDKIIT, Bt
% <100> 5 EICENAIL e BT 5 DD AHVAIRBI BN 8
AlEhz,

1 (@) YbaSb: D7 =)L (—&R). (b) H// <100> DEFDFE &
AEY T I XF v —, (0 £(A)IZ(b) DA THA IR DILKE T,
(QODBEEBE. (d)HXEHEZEHZ—TERL TS,



HEDHRR CF v U7 HTORERES (BBT
%) B\ ZNEBMAD TV EDEEICHES RXE
I5) hhOWERIL, BsbEE(Magnetic Breakdown)
THIGN ¥ HHN G FA21%Z2 BV CEHE S
BIENTERL HBHRE (BiB) HEPEEHOIIH
BOAHVARNRY ML ZEFRTZHIENTES, HIZ
EREHNREICCL (P=0) BEIE. REIEANMEID
HEDH, DEV—FNEVEAEHE—BFBREVAE
BHDESHECTS (K3A), —AREMBEIC
I3 (P=1) BRI READERBDESHEL
5% (K3A), AARTIE. COFREERBEERE
B ITBIEICEOT REBRZRETDHIEDT
El

ERER TREY R OBFEZH SR THES
RIS IARENICRG S, M1(0) TIRAEY REalE
FEEEVD K DIMETIIERRTAEY DR

B2 dHVAIREIDFFT AT k)b,

B3REBEICL>TEIT Z2dHVARXRY L (Y22 L —
VAVER) ALY ITRUEANRY MIVHRBRTES Ny
- ys&E OB - BsELKHERLTWS,

895, LIeH o REMEERET ST LICED
CHEERR CAEYREBENMEERLTLDOHLESIHH
bhBTEITTED, YouShs Tl 7TIVIE. HBL
IS ABICE O TAE Y REDREPT IHES
BTED D of, FIZIE. R2ER3ELERTHE
H//<100>TlEy - ysOBMEIEP=01T. X &
KIFEAERETHEST. LIeA>TRI(ICHEET
Bl AEVRENMEFEAERETWVGEWVNIED
b B, —H.B1- BsDEEIEP =0.5T. K1(d)
DALY REEHSNEREDNF D DOHEETIRET
WBZEL DD B,

M ED#ERIE. dHVAMIRIMEEEFDRAE> D
MEEEAITAHLWNTO—TELTEMTHBDIE
CRIFFIC, BEMGER7IIVIETEREINS
YbsSos DN DK BTRAEY T IVRFv—%RERT S
DIGELEME THAHIEZRL TN, SEIEID
FEEFEOTC AAREVEFROEEHERDALE
URIFHORREFNTZY, 55U EYbaShs &R L
TRAMAEVHEEBEERICERLFH LIRS
ERRLIEVE BRAGERALNRFEINS,

[11N. Kimura et al., J. Phys. Soc. Jpn. 87, 114708 (2018).

[2] D. Shoenberg, Magnetic Oscillations in Metals (Cambridge Univ. Press, 1984).

[3] L. M. Roth, Phys. Rev. 173, 755 (1968).

EREADLIEIADE

61



62

DO 1 : @8BS FE DR

4127 ARY (Pr)Ir2Znzoll Bl 5
HYAhOIETIVI

ALNINE )

FIMERFMER B | AFRIFMER B

BTFHER B

LR 4K

BEASASE EHNENSTRE BLRRERE
B EB BmE MFE WA EN BE A =E  BEp
REAS AR HREIAS BEASASIR BEAZEANSTIRGIE | LBAPASRARNE

MREtLY 42— EHE HEMARR  HEER

EFOBRMUBFINEEEGDPrEFRY
(PNIRZnolc BV, KB TH RS BSIENED
BYADOITIIVIRENESZ R I EZHD
TSI Lc, KT8 TlE, ZTOHRDERERR
ICDWTHBNT %,

BVEFLRERBDEEBICHITRELIERE L
BOREZE, ZVEZTDTIIVIRERICEST
FATES(], —AT, EFHEEDRBRMEFEZS
GV OHDDRIE, TFET7TIVIHAR (NFL) I 75 3R
2EEVAETRT2, TONFLWEHODRRELT, £
ICZDhH5. &9, RE— XV MDMEEETFIC
B ENDEEENR (K1(a)) ERKKYHEER DS
ICLBEFEHRARKLEISFOND, EFHEFARDA
ECIE, IMERBEDBRER EDEMROIRRDFH
[WIBDT, BAICHEINTLS, b7, K1(b)
DESIC, FBFDREE—XAY FDEHRDEE/ Y
FICK > CBRENOEREIND 12F v > X )VIEEXD
RINDDHBB] BamstEDLDS, MRULLAZRET
B> fcC/TH-INT, BRIBEME o HVT ITEEAFIL
BNBETO2RINOIY FOE—H%DEFE
Tnrcl4, 5l TNHAREBEITHIRELTIRESINA?
RURDEIOBFICLDEBENRERED OB
&I, SEMADURERTRERNVRIID EHMA5N

X1 (a) B DHESR B ZEEERNR & (b) DR F AR ROBERE,
MEFEERIR T, FPEFOEIOBFHEME2DDEE/N
> FOOMEF MK 2 CEFIER S N, NFLRESHEIRT S
Bl

felel. LHL, EBEMCEMH DU F > OfEi
FEBHMTH AT THE LS BEFITEBEMEDTRND
T, TORESBEEREREECEGDL O TD
fesh, MUBFIEENRDOEREREHEEEICIIEO> TN
ot
T THGER, B2DELDIC, FEHMETH A7 &
YInZnoDY% A 2 OPrT & # L fzPr& & RY
(PNInZnyolc & B LTz, Pri& F R PrinZnoll H1F 3
PreA 7> DERBEEREF, EXOEFHIESE
ERBDIFIET s “BIECHY, RIEMEBFIH*F% To
=01 KTRY[7], &fc, EBEBIUEINEKRIETo <
T <2 KOEETNFLNZEE) ZRL, MEFIIEE T
BIREMEDER SN T(8], FLZEIF, PrifIDIEEER

[11 G.R. Stewart, Rev. Mod. Phys. 56, 755 (1984).

[2] G. R. Stewart, Rev. Mod. Phys. 73,797 (2001).

[31P. Nozie'res and A. Brandin, J. Phys. (Paris) 41, 193 (1980).

[4] P.D. Sacramento and P. Schlottmann, Phys. Rev. B 43, 13 294 (1991).

S5 DI RCR

[5] I. Affleck and AW.W. Ludwig, Phys. Rev. B 48, 7297 (1993).
[6] D. L. Cox and A. Zawadowski, Adv. Phys. 47,599 (1998).

[7]T. Onimaru et al., Phys. Rev. Lett. 106, 177001 (2011).
[8] T. Onimaru et al., Phys. Rev. B 94, 075134 (2016).



X2 JEREMEYINZnao DY EDEDPr CEHE LI PraERY(Pr)inZngy

EMHILHBBRICEBL, BY A OB FLEE
MROFKR AT L. BEMICIE, ZnB2 7Y
I AEICEIER LY (PNInZno BiER DL E B
BT EZ0.08KETRIEL, BY 1 FDNFLBYZ
IO FEIRT HHERAN[9-11]

B3(a)lT, Yi«PrdraZnao (x < 0.44)D p DE{LE A
o DBEZLERT, TTT, NFLAEEHDIFIER
ETEMRKIY AE— SaHRIN2D75%ITET S
BELLM], EEIGEETET CE fefEELc, &
fo, BB To COIETHBTIRBILL TS, x <
044D fElE, 0.5 < T/To < 3DEETXITKS T —D
DEIRRICD D, INlE, BATRLUTPrIinZno (x =
NORBFEVEIEKECEER S, B3(b)IC, Cn/TZE
ToCOETEIS>EHEDETRT, A p LFEERIC, 0.5 <
T/To<3DEEATINTDT —ZH—DDHIRICD
%o A p ECH/TOREZ(EHHERITIKS T —D D%
MRBETAT—ILENZTEE, MEDIRDEVD

PrEEH A DR THY, LHrEEICERICKSIE
ZRLTWAB[10], T5IC, FRORETRIESY,
Cu/TIE-InT, A plEVT ICLLBI T B, TNESDRE
RIEMIE, EISRNFZBE S o OB F LB RO
Hem T RIB1&—HT %,

BJ41c, x=0.044D[100]5 MW D HEHB < 12T
BIF2SnDBREENZRT, WiHEB = 4TTDSHT)
&, WINET<1KTIFIEEAsLE3, TDIRSE

ME, RIFCTRT LI, BRIBEEL—IUMRE

B3 YiPrdrnZnod (@) EXIENMEDZELE & (D) HS LA RET
B> eC/ TOREZL[10l, WTNEIFHERETICHITBET
BofETHY, BHIIBRIELINERET/To TH B, HRIEIE,
PO RaiEshROERIC L B REZEL[3],

[9] Y. Yamane et al., Physica B 536, 40 (2018).
[10] Y. Yamane et al., Phys. Rev. Lett. 121, 077206 (2018).
[11]Y.Yamane et al., AIP Advances 8, 101338 (2018).

EREADLIEIADE

63



64

R4 Pr&EER(x=0044) DR T bOE—DREZE(L[11], B
HIE1001AM@IC 12 TE THIM L fzo BRI, ERIBEL—< U
R=eEE LIGTERBR

ZERLIEHETHRTES, — A, B=0DS/(MH
RIEED0.08 KTH0.25RINIEEICEE TS
L, COMBETCOREIY MOE—DEEZRE
511, COBEHEBFEBENROSHFEINDS
(172RIN2KVENENT L, SVF LGBETRER
IT&RBERBOIANICEST, BB bOE—H
EBOMITHEIN o EEZBNS,

AHAETIE, BEXEBFHEEEGLPraERY
(PIRZNolc BWTEY A FONFLIZE S ZEARIL,
PR FIABEN RO A REMEEIRE LTz, 5%, FIRT
RZHICHT HEEEHDBRESL, NMRYRAH
FHEGEOHMBNTO—TICLBAEICLOT,
MR FESEHEATNNIL, EEFABENROE
SEDNEG THAD,

S5 DI RCR




MREEFRE

S VRV L
(P2 =R ) DS

Yo 15

HAAFEIZE #HiF

BEAAZRELF v/ NATRESNBAY
BEAMEKRE (20189.9-12)IcT, MIHDF&ICK
HEMBEHOREMEICES MRS EFHIRALEY
FEYEDOFER) > RIY T LDNMTONEDT,
ZORTERETS.

ERDBEZRF DOREBAT HERENZR

F (Augmented Multipole) ] & WS FBE X = HBERL,
ZOBERICE D W TRA G ZF—HD D TIEN
ICEBRELTH LV IR ZEHHZTOETHIMUMAE
&, RFFMEHDEHND1 DTHD. AEHHF
BLT3IEMRBEL, CDOKIGEHCEALTER-
EROBMEICBEWEEGERIHY, nEFZHEA
TR RHRERESNDDH 2. EANADSDREE
BDDBEIICISAT, TNETITRSNTZH LWL
RELKLEDFRELHBL, RSB TOYE
ICRE B EBREERBA RO TV 2K EWVWS B TR
EENTEARY Y RI DA, BRIDILBEAMEY
AEBRICEDERBMEBDF v IVELN BT
ICHBEH5Y, INBAL3 0 0 ARREDAHBETIL
BEENT3RIEFEDERIIT, ZDOEMISHIBER S
NieEWSTEWTHAD. Efe, RSB FICED
KREVEHEWMHEEWST—ICETRELDET
&, FEEOFEEAECLEZEDTHOT .

TURIILSEIAROBERICLD2EDEE
FEAEFYIVIC, £, RAKRDLEEZ BT DOBER
ICDOWTERNGER RO SEBEA Tz, ZIBFICIE
RZE\U T DR5S 4EHHY, INTDETFEH
EERZIBTF CHR—ID DBEMICRIATEST
&, HERZEBFHMRNICHKIRT 2 DRM, B

U, AL ZET EELDOREREYIMEE DBFRGE

IURIOLTATS A

(EBITK Y, BEELE LR #3575 — KEK 25 7% )

B, WOHL DHEYEDHIZERLNTBNEINT.
BT, INRZSBFHARDEME Lo TR F
TOUNiLBICE 2 ERFBERHACDERRICDONTES
BERNRE Lz, L9, COIRRDBERNFEETS
FECHOCHMEDHETSMOMDT, ZEEK
DFEREGOTc. REEDHEE T2HLURDS 5 FiR
ICOe D CRBROYUR CEHEZ DAL EREDHER
8 HID BT e, REREEREDHEEARID E
ATZIED, BRFEHECZ T HGMELRBNE
n, SBEOERZHFEEIRBTHOL.
WKL, BT ICK2BERNGZEMREDRK
NOBRE, BRZAVOEAEEIUBRFIN
BEHISEICOWTHBN L. e, FHROERDDS
HBIREMHDONER, DI TRESN/—F
DWW ChaEmLTc. AEROEFEZERHICHITS

W 7E 2 s

65



66

DURI T LRIBORTF

ZBFIL, EFEON) —HEEZAVCEL VEER
PEOEBOERIG EICHY, SBREBELHZHTED
SRS

REBEKIL, BaMnAs: (T H T BHEG OEFFEFE DA
B Z BRSO RN OFEm I 2L LD, SBD
MEICEWTEEELRS R AV DEBARICDOL
T R 2EBREEDTENRE BN TERIGIZRE
L1z

REZ I EH, REHEAEDRNEHRMEETe
ICBIBEMBERICDOMED, FEEENSEIN
fe. T, NIV HEITE T BEdelsteinh R & ]
AL TORITHY, EEEZEREICEH T SZM
FEEEGBROADDIED D, AEFHODERICES
TCLEEGTRBZE S TKNAHIEFIEGAD.

RIT, MnsSNTREENcBRBIbZRE UV IE
HIGWHSEBE T CELZ2EBR—ILBHRICDOW
T, S NABFERBVIERNBIRASHAKICL
RN ENk. cnlE, B FEREZRW Y S
AZ—SBFOHIFTHD. RER—IVIHRITE

WFIE =W

HELZBHON) —HRZERBRLICEBTHED, RZ°
BOEMIEHIIBESESETHONROY — %15
BLIBEEELT, ZBRFHNEETCHBHIEDEH
Thi.

BEMEICEALT, FEELSEBR—ILRRD
ft, RV AR GSTICHEREFEA—HRICD
WTERELGEEIN, ZOHIEFEICOVTENAD
Hofe. — KL Z R GV REEBMAEICHS T ST
DESGEIFFT G EER B DR REMZ 4"
H<BEDTHY, &fe, ISRLELEETHBHTENE
FAENT.

AR [/ AEVEHRRIE | OBEEREKRTH
DRAEDSIE, BERT /N1 RSEAED—RELT
EHSNTWBHA T VEEEERRD A A EBDH
AFIVRCDWTIRBND®ofe. T, FixVIV—
TEDHEHRBAZED, MnsSn D) DIERR%Z REDT L
BTERPRAALVHEIICBETB74 T 7 ICEIMLTL
BTEDMBNA TN, DEENEHRAMEOEEM
ZRELTVS.

MEDELDIT, HEEZEBFDRERIEZDEMZ
FoTRBEENDDHY, FEGUMEDERE, HiFEL
HLOWRERDORRICSHBDZIIHOTOKEDEE DN
%. BEEIIEFLHBDOEINDZHON, K
HEMBEEDNBIE T HARKEEFERDOERED
RRICTENTETCWVWSRLOE. REINERELT,
DULEFIMEDBVEE CH O EPRGHLTE
e EDDY, BRRBEFTVEHTHofc. KE
HTREONREZEXVLVDBENTRIORBEY
B1cHICH, FEFFIRNDCDE LG VEREEFHE
ETHAD.



12th Joint Research Meeting of MEXT National Projects on Condensed-Matter Science

51 210 PR BT O 2
R R S

=—
BRA—

aH

2018 118308(£)-12B18(X) D —HMIC
bz RRABRFHMAFERAF. SLIT7 L4
R—IVIT T B 12E MR F B E R T 81
BREMRRLHEINE L., COMBEDEE%E
DUFHBWELET L ZOFEICHEIREN TV
MR R ICREEL I E MBS RN SR TR T
ZRRRT. SEHOMERNBZEPINDHZIE P
REFREICTUCRRS L. BEEOYF Y —hR%E
EH5EHIC MERFEDRY MMFEEZ 2BE T
HIBTLEENELIEARRTY, MessE - @l
EEDHRNDTRE S ARERRELSEETE
12E1ZHATVET,

SEESNMOFEMBEMEL BN TDE.
> /) AV AR

(RRKF KA &I H26-H30FE)
> EREEYNE D T AT LOBh & 2FFE O
(KPBRAZ =ik 18 H26-H304EE)
> 3 DiEMEY A MEEE — F— S b Flmitid
T/ REERD 3D R FREGEE B T A > —
(RRFEIHRF M KPTE H26-H30EE)
> MRuaY = mER RO Ty 747
(REAF )L B H27-H31FE)
> J-Physics : ZMiFAREROYEL
(FEKXE BB 88 H27-H31EE)
> WET =AU EYORIBLIE FikkhE
(REARZF P2ILF H28-32FE)
> RIRYIERR DT DT
(BRILARZE A TTF H29-H33EE)
> NAROY L/ IVR L EROKEBREIC K S
FIAAL « 734 R« KIS T T2 ZOR K

REARTF KEREARER B

(BRALKRZF #17% 1E— H30-H34FE)
DBRE T,

LMD ST BERKXDEEHA. HRTAD
MR Z B FHFERICE T2 ERBKICE DER.
R EAD TSBFCTHITET ST 1) VRO ER
EFWEI T ZNZTNDY IV—THFEFIHITEY
HATWBHERBDRBNETNE L, FEERAIC
DL TIEANewsletter ([CEHRBTEEE (Vol. 2 IR E
A Vol & it EA)DBIET DT, EFEMIEZES
HETELLEEWV, BLUEEDEMIGEWNTEE B,
EHEGERMThNE LT,

KBITIGRAR—t vy avhdy. HHEM
DS 18HDRR(2EKTIE)DHIE LT, TDRR
R—HRITIE KERE - BFHEE DM ZLERH
L. AMERZBHE LR F s s
RAZ—B(R6H)DESEENE T, 206DEE
THEAIN. HHFMBEHDOS TLDILHRE
Flr
& BEBEE (BBK) NMEACVHUERGRIC

BUIBRE <R RO
& 2 MA(EHK) [BiCh R{sE Ak

LaOosFosBiSSelc 351) % % & N 2 /5 1
¢ HNHE (FEAET) NESEMIRENVR

WG 2 R DTS 1 DB B ARAS |

3DA. BHTESTEWVET, YHAEEHDH
BABH HEHOBEEEDEENSLBEZR
T EFEIRLWCETT, BARICIE, BHRED
SHEIBNOHOREIEDTESICEEE L, (B
ROMBRGEISHE MATRESKUAVDE
BRICKBILBDEELY ) RKEEDOHERIC

8
L

I 7% 2= ¥

67



68

K Pt BlkE
& RADBAREDFEICHEIFEROTHS WL
ERWELT,

LRAMRRTIE F13E BiEREFEORER
HiTHON. RERERFICTIEFHEAZEDO1IEDK OE—
TADZEINE L, (EEREPIIBEEARD) I
FEEEA) OB ML BUAEED THAE
DMERZDRELIER] ZXASFKEESE
FEREITHE FMOMADLSIETEHIEE
FEDC2006FRIEREN&E LTc. RERNICKIGER
FHEDBNDBIE LD [HRFEUES LU
XDRBZEFIDEVERDEENREEL. EEE
£ECEREZTO. BRBEBIIMEERDDFICH
VIBMRIE DI, FERDIELS - BHES, HAZERED
BORE KRR, GET. INSORABHEHXH
ICEBEND DORIEICKRIEEINTNWATEEZERT
%] THY, HREEHBSH BRI CRAIRLICETT,
(REEHFFZEZACWVSARIERER#HZSE|ICLT
TEV ) FREAOREEDHICIE. AFHFEMHD

MotRELKOXKE
STEMAROFEEA EATADLESNE T, K
AFADZEEBIL BREAI AR YELE
RORR T TEEHRIE TEARRAEFREDBZHF
DERFURETH 6 KOFBCERZRE LI £
LTEBICADEDEHRGTLETTZEI06KITE|E
FIFBRERAR RGO F e a BIn SR L 55T
EERLIETE, FldBFERGVWERATANE
CEOERICEOIECETHREDOEREREICIEEWL
HeGRBANESNTWATE EBEH>TVET, K
A& REICBEHTESITEVET,

REDBRDEETIT. BHOREDBNDHY.
BLEMEOREZER, BLRECHREEZER
feEDBNBEEINTVWE LT, £zBEH AV
TUTREESBHEY. BFEAICHIVIT VTR
BEDEFEFTTVBIEEBNTNTOELT
KOTA. BEBRPAICIEEBTEDATIDAIC
WERLIEADVWTT K, EITHBED

REEDH R, ED'S. BEA. KOTA TABWT, SRNTA. BIEE A,

BAHIF

W 7% = ¥ i

WoILh K SR BEAR. &

IKEDRIBITT (2018 F11 830 BIHRFE)



DO 1 : @B SARFNE DR FE

o5 13 [BlEEfE R T A E %2

KB

HLT

xAO F—

BHAFRR EFH AR

J-PhysicsCIEBi®PbzEDEREEZZ G AHIVOT
T4 NBGEFRDORREZED TNET, ZDEOHIS
EEDTeDIF2012F T H R LT BiS R B REBEE K
1,21 TY, TOE. TBIRERXT AT LIEEEAED
KR OEBEIHLT. BIBEEHERNFERSEY
BV eleEE L, REREHSEEZEIE TV
fel2 & MBEZZTLIEE > T HEMZEE D&k
TR Z ML I EEZEDERE S
I DRYRBERL EIFE T, AR Tl REERE
FEOBISRBLEGREROBEEAMEROER
EICDWTREEBITBN T E TV EELT,

FASMELTERRIEE TIE/NF I LB DORE AT
L\ BT CIIRRBEREFRDOMEZITOE L.
01T FICHBRDBAICEREL. INETELLER
HECEEDBEREITOELE R BIREBEEED
BERETVE L, ZDEO>HDIFIE BIOCUSEWLDH
BRICCURIBZBA T E AL TRIEEICEDEND
HWEBITLIZ AEBIOCULSEERLELTEAN. /Nb
IIRRBEEIFEATNE AT L, B> T4T
RAHS—DRERS L. 37tH (Bi-0-S) DIFERITHE
wHIVELTe 7—2N—XTBI-O-SOYBEAHFERT
% & Bi0:SPB0:(SO) T E SR BIRME DTFETE
HMhhWE Lz, ZDEIC [Bi-O-SREBIRBLEAH
BIZH12) ERCTEDZERATVE T, HRERDER.
IRV E THBBiOSHBLEFRDHERICEVEL
(], fEREERITE/ > FEHED S, BiSBE(EE
ELTEBRBEERTHHITELDIVE LT, ZD
% BSBi AT OVIE (HigE) aRERES
3T ET, LaOFBIS: DK S BIEEREHEZE
I BTENTEXLL[2], ZDERICHRRTHERM

KBS UAERERRICRE I 2 EDH SN THY. IF
TR ERIEE TR T AIER CBEELGER
ROEEEEN (BZ5BINIIEFHICERTS
BIEELN) OERLERRENTESY., BSREFEDH
LW LR EELHF DO DFREEHTVET, &
51T, BISRTIIEWEAEMEENERAIIN, £AE
VUIEELTORIBEENTEBENTEY, SikaetE
KMELLTEHEESHLRAVATTCET T, &b,
JPSICTBISREFES (BILE - AEICBITHRERE
EROLE1—@mYXZ 10RIEETE) #EL., 18
BEMEN\) I -3 E@BRLIEL E1—mYXER
B\ feLELe BiESRHbOARREOC—FHKE
IR

BiS RB-EARR I L CRBRHNFEE L
2E B LB RBIEEFRRREINETOMRE
EIRVIBEVE L, BRMARERIEEGSBMIE
o fedhELNEBAN TPHEEDER RS
BELGVBGEEAROBRRICBHE LTI KEL
—SEoERBVWE T, BEFRICTHRRBEED
Ta—N\—Z=RBR LB oo fes. #BMREL
TWEWRBTERBRTHTENIRF—TREVNSTE
EEZFE LD #HERTEDLEVIHF HBIEEE
NDERO B TAEREo T EBVE T, FIERE
I EHREEEIAZE C I DN 2D, ERRDE UL FHE
ERENTY, KERELHIFHLOEFHEED
FHEEFICIF. TOFLLO LI LTV fefeE e
WEBRWET,

[11Y. Mizuguchi et al.,, Phys. Rev. B 86, 220510 (2012).
[2] Y. Mizuguchi et al., J. Phys. Soc. Jpn. 81, 114725 (2012).
[31 A. Ubaldini et al., Physica C 470, S356 (2010).



70

MREEFRE

International Workshop on
j-fermion Physics and Materials Z33%# 5

HiZ

/.L\\_

2018F 1248 56BE CO3HMICH Y
Za—V—SVRDREAZ—TUICHBFRZIAKRET
International Workshop on j-fermion Physics and
Materialsh FfEENE L. Za—I =SV F&EWL
ZiE, O—F A7 -5 - UVTICHTLBELOGARE
REBOHEIADEONS (DEEESIEOMES
ARZIRBELTWEELSTT) EBWETH, Bk
WA ——T U, TNERBEDEGSBDOHHEHT
Lfc. BERERMICABETEE ——7 IF, 1860%F
RICEETRI IV Ty V2tV RRICERE
LIclT, AaAv bV RO 5D AEEDHRLEED
THEDED SN, ZOHLHCADY S
Y RFOEENBRLIEODTWVWATENFHELTEITS
NEY. z0OHEICHBDZ1—I—FV FTROELE
SEHBZKRED, SEIDRBTHHFR2IAKRETT.
1869FICHRIIENTCRAARFE T, B&OET50EE
SERDANY M EZEZTWS O, 150&5EEN e
A F vV INADEBFICEBIFONTVWELE. £
DF vV INARTUOEEDLEII>TWADAYAYY
RI)— - EIVTAVTERENDE Z— T E &

JOvIRT— T

e =W

KIRRFRFERTEHER #R

THEMTY. XAV IV ROYTSRAI—KZEDE
MOBETIVITHEOTLBENSZTDEYIE, 20K
RelBWAF7RIVEDRKEDLSEDY—h>D
THAVHEET, ZTOELVBIELENRHMTL
fe. Fv 2V INARICIEZ DL GEENESH T
THEL B VEEMLZSHHIET. 7—0 23y
7 TfE B L f=Otago Business School D241, #
DEZVIFEEDEY T, RREPICEKRZRERIT

RN DY, TOZEEOBIICHEELTEIS—
EZDWEHLNWVKDBILATWET. 7—0av”
T, ThBED>5, L2 —E—ZE2RBLLTUE
W, REKITOEBTCOA—L—TL—IELURE
24 LB LEL.

T—o2avE, BADS14%, Z1—I -T2V
FD58%, #—AMZU77, BELSRI1ZDEIND
&, BIEICAT2EEEZRLELETOYS L
ICZ>TEDHOSNFT L. TITIE, ZDHEHAHLSE
A DEEZ RN T TCWIEEET.

#H &, BrydonE (University of Otago) (£ &%
F—=TZUTICDDE, BIKITKS " Surprises in
time-reversal symmetry-breaking multiband
superconductors” ERBL BN HUE LT R
FOEI X )VF—Fhilc BRI S BogoliubovZ T
IVZEDZFBDENRHTL . BIRICHIKVETH,
KEREDEBEUNRICTESDEIATT. TDE, BEX
K (KBrA) ICK %5 7E " Nematicity and Chirality
in odd-parity superconductors with strong spin-
orbit coupling”, HEWLWTEKE K (NSRRO) ICKB5E&E
"Taiwan’ s cold triple axis spectrometer in OPAL
reactor, ANSTO" BB W& LTz, REREBDFHM L



REBORT. Tyrarvetyyarvoicd, I—t—Z#FHEHASD > YERDGINTVE L.

ZTNTHESNT—2DEBZ/EE, BEATHMYE
FHEDERBRZEINTWSHRICEODTDFHGH
BMARAEICIZY D57 IV—7 - HEsk&E L TRIBEMED
HBIOICBVELTe. FROMERE BAKX) T
% 58 & " Peculiar superconductivity with orbital
degrees of freedom” &, mass-imbalanced super
conductivityZ L HELTEBEBRHELNEE R
BTE NZERINELE. BILVTER R IR

IZ K %5878 " Thermodynamic study of S;RuOx : Iden
tification of the superconducting gap structure” H*
HYELI. ZD%, Coffee & DiscussionZ & & 3+,
AREREK RIEK) ICLDEE"

magnetic BaMn:Pn showing both negative and

[tinerant antiferro

positive large magnetoresistance”, TR (LX)

ICKB5EE " Superconductivity in hexagonal BaPtAs
with an ordered honeycomb network”, k¢ K (i
LK) [T KB 5E7E " Trial to carrier-doping in SralrOs4
/BaarO4" EWDETHEIBDIAEE ICKDEED T
Fl k.

2HBIZ, Rachel & (University of Melbourne) (&)
" Two-dimensional topological superconductivity
and quantum design of Majorana fermions” &L
HERERD DY, 2RTBEESICRANDZI5EDE
DIFTHOIIAZHREDREM LAV ZIZVAD
EFLOBEFRMNBEONE L. TD&, HMHEK
(IZEREER) |
heavy-electron superconductors” BTN EL1z.

K BEE5E " First-principles analysis of

#:<RuckEt (Victoria University of Wellington) |Z
&£B58E " Influence of orbital and spin states on

transport properties and superconductivity in rare

earth nitrides” Tl&, SmMN+>SmN/GdN superlattice
ICBIFHBEENMEN TN, BRE— AV MMcLDx
IEZN R POBCEDRRFmENE L. F&H
Si, AME (MWLAK) (CKB587E " Recent progress
on dynamical mean-field calculations of multi
pole ordering”, BL UMK (FILAK) ICKDEE
" Chemical doping and superconductivity in bis
muth compounds” DEFICL B2 DFEENH Y
L7z ZD#, Coffee & DiscussionZ i &+, HiE
(KBRAK) KB EEE " Low temperature quasi par
ticle transport in U-based unconventional super
MK (bBEK) ([CKD58E " Ele
ctric-current induced magnetization in augmented-
multipole ordered systems”, $EEK (P X) ITX

% 5878 " Ordered state with a combination of 5f and
6d electrons in URU:Si," EWDIBTREBIOTRE (T
LBEEDDIELT.

3HEBIZ, Powell & (The University of Queensland)

conductors”,

[Z & ¥" Spin molecular-orbital coupling” & L 1z
FEENMIDbNE L. COEETIE, (NEXREZE
D) PFPF/BEEROR, TNZEHT BIR
F Dspin-orbit coupling D KR & & T & 7& <spin
molecular orbital coupling (SMOQ) % £ Z 24 EH
HBDTENIRNSN, MosS;(dmit)s & Fl 12 SMOC
ICEDCERDDIGEINEL . #i L TSohnel K&
(University of Auckland) € & %5878 " Perfect Frust
ration? — Structure and geometrically frustrated
magnetism of layered oxide-cluster compounds”,
FREK (M 1LX) (c K358 E " Exploration of new
materials with conducting j-fermions”, ¥ # K (&

W 7E 2 s

71



72

EERIIK) ICKB5EE " Field-induced spin nema
tic phases in low-dimensional quantum antiferro
Jeschke K5 (f& 1L K) IT KA 58E " Spin
liquids in hyperkagome and pyrochlore materials”
Hdh), mEITHEEREEI&RICEK S Closing remarks
ICCT =023y TIEThEICKDYE LT,

magnets”,

SE, Z1—Y—FYVRTOT—73vTEND
ZET, INETHEIRRDGL 2 fcZa—TI—5
Y ROMRELDIRDIGZH OEELGKRZRF
TEDTEELe. MAT, SEIDT—923vTT
I&, Tea & Discussion & % L™ [& Coffee & Discussion
EMRLT, Ty raroMORERBL T2 IcEbN
TWEDARHLSTELDICBRVWET. &ift, 7—7
TavD, MREREWVDE, FERBICELDT &I
BICRA MR V21— )V T/OTEICBYIDBETT

CD&OGRENREOTRELT—VYavT
ICDBED2TEDTIEELHERBWVET. B, S0
BEDEERITRINZERIF TGOS oKW ERE T

BELT, ARELGKEZBECTIENTERD

TREBEVHERVET. SBRLIDERGERBDHDS

N
\
l

WFIE =W

RENMERSEEMFLET.

LENE
T—02 3y TR TERICRY RO THETA,
WAZ1—I—ZVFETREDI
F (¥ 55Tl EWSDICHETIENIFE
AETGD el ftER L. EmRBICT—7
JavTICBMLIEESERVIERLNEBRWNET
D, MECLEZEUHZBELTUE, ITALGDTH:
BEAIKETGETIE] EWLWSEDELRETES
WHERBW, IRTOTOT S L bof&IcZ
DRRGEMZIRLTCHDZEITLE L. Embhol
D&, WAWAELREHELIEDTYTH, BLDETH
Sz EICRBEMNRONTWZEEHY, FHR%GEH
S5INEVDEREMZERDITBICETIEFEIEEATL
RS TIRIERZDEDELT, EZE,
ZVRTE TERNSEVD] EWDEEN
HVET. LHL, ThFEITHNHEE LETHERET
BILIFHRERA. WATT. £, [EEDITH
VAVEANRZS, TLTENEHEZEWVNTNS],
TBDOHFEMEERVNTWS], TBRICIEKEG
HMblicd s e, (RfeEICESTE) TniEYIC
AVINTEDHBREAHIET. IhsiEEndH
DIRTVDT7ZULELNFRAD, RICZNS
ZEE|IER>TEHELTH, ¥ KTHRELILEER
EHEXICTAEELTHBELLDOEXFIHTH
WTL&D. TEZELHEHRBEFRIIINELS BT
SRABTEGFHRTVGEWVDT, BIGEHERY.
GO TETFEIIEEID? INIEEEICHBST
131 TY. LI EHEIKHERERBDRICHASCTTIE

cZa—I—-5>

Za—I—



HUVETH, RRTIERZTENTELLRILLL,
BBIECARKRDAAZTIEEST, RY. RATWL

DI, BRD—E. BADEAZS, LWsTE
T, BHLHEERELEBICRIER T BD, RTILD%
EmETRBEEAAFE L. LHL, ZEEDOEIR,
KOEBLEZEDEDGL DL, 2RNRA
3, BIRY. BAMICIE, EELSSHEMETOM
TR LI ERERIBICVREDEN] VLS50
HZENSLWEBRZEL. LHL, LBEAFEEA
HRICLBE TFLRDRREMSEDSEN] EDT
&RE, BEEOBEESERECILBESLZ1—T—
SYRDORAEELN, EE5RZ1—I =5V RhE
WA X EEENTOERLEED, #ITDATHM
ATIEDGEHNENGEWVWEVWDIIER. Z6ZH5EIE
BOHRHSKISERIETT, £=—F7 ORI

DM () BH¥ERTY !

WEHIE LG 2<REBHIANTOEVDTRE
DEMELTEBEEHEWTLED. .. ZAGDIFT,
MTE5TIE &, ROBR (HBNIETITH) ETOE
LA LTWeKELT, S, ARKRTER
WERTLTWAHE®EF v 7 F v —&Workshop
DinnerCi1ofe, £V b -JL7Hh5DRBEHEN
RHRELLEEVWERVET.

Y- TLTHEDBD. TOEICISERARENHZ/NI - - -

W 7E 2 s

73



74

MREEFRE

J-Physics: Tropical Topical meeting

PAEEE Tl
Fﬁ:ﬁilflglil
WA IRE
| FL&IC
COMZERIZ128 13— 14BICEIRAFE 50 AE

SRR THEIN. 35208MENDYE L.
MADRBEAEITH—HFAXEETWVEE
F LTz, BERZEIT "Topical Tl 7% < Tropical meeting
ELTLWTTR?Y L8R ETA "“ZNTEHLL
I+ ETropical Topical BV WD TIE” ElxWRERD
REVE LT, BB 2EFEROHREIITUED20°CYL
LTy, K ITTropical 75 Ls— K dDmeeting T 7
WELTz, CORBRRIE. MIILEE 2 DDOEETHER
TNE LT, MBIEKITDvon Lohneysen#iE % $510
ZLTCEFBRABERMEORIEDHERICTDONT, 2
BEIIBRADGEELLEHLOWRAFIVIAVRTHS
EuPtSio¥EIC DLW TEFRMICERLE LT,

LB EFRAMEOREDRERE
7HOOERERLNHIE LI, EWVEFROEF
EEFRIZSRIL. von Lohneysen? )L — 7' M CeCusxAux
ROMBEDNNEETORBDOERIFTEGVE LT,
Z D1 Hvon Lohneysen# #% 13 48 N ICH S & 155
FonTesY. SEIFCBEEOMEDERICETS

W 7% 2= ¥ i

BARRFIMERERSE STHnERARLZ2— HRERE

reviewx LW efeER LT,

INETlELohneysenHIE DA ICHRETR EN S
e DEFRARRHVBNINICHIRINTOEL
feh smifi, EEHOEFRFAIRKREFTEINT
W&, T CIHMEERSE FREFRIRROER (A
=%). MEESEZOEFRFIRRDORERE PrA 7
W, Bk KB). SMRDEIZISEVE VB FRIRRE
DR A HR) ORKRDDVE LT, BEFERFR
[SEWLSM, Eu, Yo ROMIEIF CeREIF DTV RGD
b DTHAHIEDHSNMTEOTETCWBLITT,

—7. BEEBEEAURhGe®UCoGe TDlsing
B9z Tricritical B8 DA COEFEBRARR LB
BOBRIEF HLOBFERFARKELTEEENT
WE T, ZOBMIESEICEATHNMREE (RF
K48 1BoK) . ERBMMEEFermim (RIEKXFAR)
D2 DDREHBVE LT, DL EIE. URhGe &M
fiERBEERF OUTe, CHLRBEEANREEIN., 8
BERSTITERTSEEAONTVE T, 5D
BENELHATT,

| 288 HA5)IVEEMEEEUPtSiOE FHE
COHIFEENS “SHIFTHEWPISIEATLY &
BIFDA bAEEZHTINHOOERERN DY
FLTc, MERFE GIRKE) HoiaEY. BRE
FARETE). PliEF (RFHEBE ©F) . HIEXR
(RK Him) . AR/N\T7— (RAEK AHE)  NMR - u
SR (RFH#EE L5 BEMAAE GRRX MR
ERFERDEHFOMRLEZH T, EuPSilcBET 53R
BREREELEHT—HICEHIIENTETKRWICE
BHOREVE e, AFIVIF VAL BB LIEMHEE




WEWED T sFGREICIRERFLBLT
EREZVLIVEDHZHLOTT, SEOMEDER
HELHTT,

BROEZREAICIE. BEDAFIVIF VHRED
BEICDOWTLBEEDOEEE FRICELEDH TV
EFELIz Efes BIROKRETAICIE ATV
B DINIBDAB I OV THEBRERELTL
erREE LI, ZD2DDFEEDENFTESHED
EUPSIFAZRIEH DK UBAREIC GO e LB VE T, &
BT, BERARICEED TV EEL,

LERZ2—®E

RAZ—HKRIZ2BEOFRITITON., 145DH
KHHVELTc, BEVADERZRLICEDRWVE
®HZW Y avicixl, ERBRWITEY EHY
Fllc, SEIFRROFIN L. OBEERISIBRER
W EoeDT. KAERWRRERAZ—(LBE>T
Lotz RELTHVET,

| 3—-kt—JL—¥ -8R
JI—kb—TJL—JTCREREAILDYDEE

EOHBRENLUE L, U—2—T7 V2 F—
LD O TEBEENEEDTEEHhTHEDE
BRXTLEWVWEL, YFL—XHQH2FD T, T
NOCHIBRE?" LEW e EIABRBEEADE R
DFEVEDTE, TEITHBRE" FLEMBLE
L7e

BRI 2HEYICRKRICEEVHHERIEET
RONELTc, HiBRDAIEDREBGKILET
TRERRIIE, Jamkz +oEELE L. ZIRICKSH
BREDEELDHY. KWITEY ENVEL, £t
von Lohneysenft4IC A BLH B T4 F—AE—F
HEWNeEEF LTz, FhlE 2 3BFEICRILLE LD
ZDHBEEY EH>TVELDITY, BEORIEE
WDTLTC,

L&D

SEIDHRZTIE. EBEZ—2DILEYIEUPLSIIC
BOCERWICERBLE LT, COLSGHRADH
REOHMRERDHSBETIIENLERVEL
feco FTFBFROEBFRFARRE 20 FLILH
ROBEHBHVETH ELE. bbbk
BHRREEHDRENTLBERWVWE LT, 2 DDEE
DEBRDERDELHTT,

SEE MERADERICKESHEEICHIVEL
foo BEE B DX EAZIECH FETAICE
BLESFLELOWEER LT, MEZEY TELS
LERLEITET,

W 7E 2 s

75



76

J-Physics 2018

Multidimensional entropy landscape of
quantum criticality

Hilbert v. Lohneysen

It was a great privilege and pleasure for me to be
invited by Prof. Hisatomo Harima, spokesperson of the
program J-Physics: Physics of Conductive Multipole
Systems, and Prof. Yoshichika Onuki, professor at the
University of the Ryukyus, to participate in the Tropical
Topical Meeting on “Recent topics related with
guantum critical phenomena” in Okinawa on
December 13-14, 2018 and give a lecture on recent
advances in quantum criticality of correlated materials
as briefly summarized in the following.

Application of stress to and the resultant strain in a
system are important parameters to tune a
heavy-fermion metal — by virtue of the competition
between Ruderman-Kittel-Kasuya-Yosida interaction
and Kondo effect which both depend on the exchange
interaction J between localized 4f or 5f moments and
conduction electrons — to a quantum critical point
(QCP) where the transition temperature of a
second-order transition between a long-range ordered
antiferromagnet and a Pauli paramagnet becomes
zero. Often, hydrostatic pressure is used as a tuning
parameter. We recently found [1] that for the canonical
guantum-critical heavy-fermion system CeCusxAux with
x = 0.1, an anisotropic stress component, a so-called
pure shear stress in addition to hydrostatic pressure,
provides the most efficient way to tune the system to a
guantum-critical point. It is important to realize that,
although the entropy S has to go to zero at a quantum
critical point, S can be quite large at finite albeit small
temperatures and, as a matter of fact, can plunge to
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zero with a vertical tangent.

The stress dependence of S along the three principal
directions i (i = a, b, c) of the orthorhombic crystal
structure (neglecting the minute monoclinic distortion
which does not affect the magnetic quantum criticality,
as we showed recently [2]), is directly obtained from
measurements of the linear thermal-expansion
coefficients:

0 =Lt (OLi/0T) = 0eil0T ==V (0S/0a) @)
where ¢ and o are strain and stress (uniaxial
pressure), respectively, along the i direction. For
anisotropic systems such as CeCusxAuUy, it is useful to
consider, besides the hydrostatic pressure which can
be written in three-dimensional stress space as p = p
(1,1,1) for systems of orthorhombic or higher crystal
symmetry, the so-called pure shear stresses ¢im= ai -
om With @ - dm =0 for | # m with I m & {a, b, c}. By
definition, the pure shear stresses om are orthogonal
top. In Fig. 1, the directions of § and &m) are indicated
as blue arrows. Of course, the effect of pure shear
stress on the entropy can be obtained from the
measured ¢ and calculated from Eqg. (1). Fig. 1 shows,
as a result of this analysis, the steepest descent
of S@),i.e., vS= (0S/00a, 0S/00n , 0S/0ac). While
g definitely drives the system towards quantum
criticality as shown experimentally in a number of
studies (see [3] and references therein), it is not
parallel to vs. Rather, the additional application of
pure shear stress (s produces the steepest gradient

of &S.



Fig. 1. Pictorial illustration of the anisotropic stress dependence
of the entropy S. The red arrow represents the stress combi
nation leading to the steepest slope of Vs aiming at the QCP.
For all perpendicular stress directions, 6S/do vanishes. The blue
arrow indicates the hydrostatic pressure p. The blue plane
perpendicular to p represents the possible pure-shear-stress
combinations (thinner blue arrows for an orthorhombic Cartesian
system a(i)). As shown by the dashed red lines, VS has a
hydrostatic component and one which is nearly parallel to (. On
the other hand, the pure shear stress v is approximately
perpendicular to vs. Accordingly, the corresponding Griineisen
Parameter /vy = I¢ — Ir does not diverge at low T. “Tuning” the
system along directions orthogonal to the steepest slope Vs will
leave the distance to the QCP unchanged. This coincidence
should not be misinterpreted as indicating Fermi-liquid behavior
for that particular stress combination.

It is particularly noteworthy that the anisotropic pure
shear stress dca) Which is instrumental in driving the
material to a QCP, can be related to the anisotropy of
guantum-critical fluctuations observed by inelastic
neutron scattering [4] which for CeCus.sAuo.1 can be
viewed as one-dimensional features in reciprocal
space [Fig. 2 (left)], corresponding to planes in real
space. Fig. 2 (left) depicts those planes. Although this
finding constitutes one of the first examples of a direct
link between macroscopic and microscopic features
near quantum criticality, further work, including a
derivation of the band structure of this complex strongly
correlated material, is necessary to arrive at a full
understanding of quantum criticality in this material.

In conclusion, taking full account of the anisotropy of

Fig. 2. Left : Dynamic correlations (x = 0.1, hw = 0.1 meV, T < 100 mK, open circles) and magnetic Bragg peaks (x = 0.2 — 1) in the
reciprocal ac plane of CeCusxAux. The vertical and horizontal bars indicate the linewidth for x = 0.1. The four rods are related by the

orthorhombic symmetry (space group Pnma). Here we ignore a small monoclinic distortion (<1°) at low temperatures. The open triangles for

x = 0.2 represent short-range ordering peaks. Note that the correct a*:c* aspect ratio has been taken into account even though the axes are
labeled in reciprocal-lattice units (rlu). The inset shows a resolution-limited magnetic Bragg peak for x = 0.2 at T = 50 mK [elastic scan at

(1.37501)].

Right : lllustration of the effect of the pure shear stress dica) in the ac plane on the two-dimensional critical spin fluctuations of CeCus.sAuo.1.
The elongation of the c axis together with the reduction of the a axis leads to a tilting of the planes of critical fluctuations against each other.
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Fig. 3. Visit to Shuri Castle with
Prof Onuki and his wife, and Prof. Miyake.

CeCusxAux near quantum criticality by introducing
stress along the different crystallographic directions
acting as different tuning parameters to derive the
entropy landscape, is just the first step towards a
multidimensional entropy landscape. As a further
perspective, we note that this might entail discovery of
different routes to quantum criticality in the spirit of a
multidimensional (or “global”) phase diagram of
quantum criticality.

The talks by K. Miyake, T. Takeuchi, Y. Onuki, Y.
Tokunaga, and D. Aoki on Thursday, December 13
reported new interesting developments in the field of
quantum criticality. Of course, it was a challenge for me
to follow the talks on Friday since they were all
delivered in Japanese. Nonetheless, because the talks
focused on the newly discovered skyrmion-lattice
material EuPtSi with the same space group as the
archetypal skyrmion system MnSi and the very
informative viewgraphs were mostly in English, | was
able to follow the presentations. As a reward, | enjoyed
a superb Japanese conference banquet.

Besides the visit to the Faculty of Science of the
University of the Ryukyus which included an extended
lab tour of Prof. Onuki’ s group and scientific

discussions with Prof. Onuki and Prof. Shiina, | was

intrigued by the cultural and historic aspects of my first
visit to Okinawa. On Wednesday, December 12, Prof.
Onuki and his wife took Prof. Miyake and me to
Senaga Island where we met their son Toshio who is
professor for German history at the University of
Okayama and his wife and daughter, and had a
delicious lunch together with a nice conversation (partly
in German). We then visited Shuri Castle which was a
true highlight. | was impressed by the reconstruction of
the castle and | learned a lot about the history of
Okinawa. The visit to Shuri castle included a traditional
tea ceremony. In order to get more of the “island
feeling” being on Okinawa, | tried to spot a beach on
Saturday, December 15. | was lucky to find a beautiful
beach in Nakagusuku close to Yoshinoura Park, just a
one-hour walk from the university guest house. In
conclusion, | wish to thank J-Physics and Prof. Harima
for financial support and Prof. Onuki and his wife for

their truly remarkable and memorable hospitality.
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My maiden visit to Japan for collaborative research
work and subsequently attending J-Physics 2018:
Summer School and International Workshop

Rajib Mondal

Post-doctoral Fellow, DCMP&MS, TIFR, Mumbai, India

Prof. A. Thamizhavel

DCMP&MS, TIFR,
Mumbai, India

Prof. Dai Aoki

IMR, Tohoku University,
Japan

| was very much delighted to get support from
J-Physics for my first ever visit to Japan for a
collaborative research work with Prof. Dai Aoki at
IMR, Tohoku University, Oarai, Japan and to
present some of our current research work in the
J-Physics 2018: Summer School and International
Workshop on New Materials and Crystal Growth
held during June 24-30, 2018. During this visit |
was along with my mentor Prof. Arumugam
Thamizhavel who delivered an invited talk on the
various aspects of crystal growth and our current
research work. The overall experience during my
first visit was awesome. Since | had heard a lot
about the beautiful places and soft spoken hard
working people over there, | had always a dream to
visit Japan and my dream came true through this
program. The first part of our visit started with the
collaborative research work extended by Prof. Dai
Aoki. We successfully performed de Haas-van
Alphen (dHVA) experiments to map the Fermi
surface topology on the single crystalline WSi:
compound grown at TIFR, Mumbai, India. We had
very fruitful discussion with Prof. Dai Aoki and other
lab. members on various aspects of dHVA effect.
The immense help and supports extended by Dr.
Nakamura-san, Dr. Honda-san, Dr. Arvind Maurya,

Mr. Sato-san are gratefully acknowledged. We

would Like to thank Prof. Dai Aoki for providing us
such a wonderful local hospitality at the Tohoku
University guest house at Oarai, Japan. The last
part of the program was to participate J-Physics
2018: Summer School and International Workshop
on New Materials and Crystal Growth, held at Awaiji
Yumebutai International Conference Center during
June 24-30, 2018. | had the opportunity to
experience Shinkansen travel to reach the venue.
The scenic beauty and local environment of the
venue for the workshop were awesome. Both the
workshop and summer school were very well
organized. The seminar delivered by eminent
physicists and scientists from all around the world
during the summer school and workshop was very
rich. It was a great opportunity for me to gather and
learn very good physics about the growth of variety
of single crystals and the richness and variety of
their physical properties. It was a nice platform for
me to interact with the experts in my research area.
It was my great experience to discuss with Prof. Y.
Onuki regarding our dHVA data on WSi. measured
at IMR, Tohoku University, Japan. His expertise in
that field enabled us to understand our data and he
showed us various features which one should look
into while explaining the dHVA data. | enjoyed the

various lectures on J-physics: multipole physics,

JHE e =
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superconductivity, dHVA in high magnetic field,
Kondo effect in Ce-based compounds etc. During
the summer school and workshop, | have
presented our poster on the single crystal growth
and various physical property studies of CeTAs: (T
= Cu, Ag). The part of the work presented during
the summer school and workshop has been
published in Physical Review B [1]. CeTAs: (T =
Cu, Ag) have drawn much attention due to their
unusual structural and physical properties [2-3].
The single crystals of CeTAs: (T = Cu, Ag) were
grown using self-flux method with the help of Ag-As
and Cu-As binary eutectic composition as flux,
respectively. The single crystalline CeCuAs: is
found to crystallize in HfCuSi: type tetragonal
crystal structure, with space group P4/nmm (No.
129), whereas CeAgAs: does not crystallize in
exactly HfCuSi. type structure, rather it crystallizes
in the four-fold superstructure with a space group
Pmca (No. 57) which has been confirmed using
TEM diffraction pattern. CeAgAs: orders
antiferromagnetically at 4.9 K (Tn1) and 6 K (Tn2)
whereas there is no indication of long range magnetic
ordering in CeCuAs:. The strong anisotropy in the
magnetic properties of CeAgAs: along the principal
crystallographic directions could be elucidated

using the crystalline electric field (CEF) model. The

Fig. 1: (a) Temperature variation of inverse magnetic susceptibility
as [1/(x—xo)] and fit to the CEF model of CeAgAs:. (b) Magnetization
isotherm at 2 K along three principal crystallographic directions.

(c) The 4f contribution of heat capacity of CeAgAs: and fit to the
CEF model.

[11R. Mondal, R. Bapat, S. K. Dhar, and A. Thamizhavel, Phys. Rev. B 98,115160 (2018).

[2] R. Demchyna. et al., Z. anorg. allg. Chem. 630, 635 (2004).
[3]1 M. Szlawska, D. Kaczorowski, J. Alloys Compd. 451, 464 (2008).
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analyses of CEF anisotropy in CeAgAs: reveals the
occurrence of three doublets for Ce (J = 5/2). The
corresponding energies of the three levels could
explain well the anisotropy observed in magnetic
isotherms at 2 K along principal crystallographic
directions and the Schottky anomaly in temperature
variation of specific heat data [Fig. 1(a)-(c)]. The
temperature variation of electrical resistivity of
CeCuAs: reveals a Kondo semiconducting like
behavior over all measured temperature range. The
temperature dependence of electrical resistivity of
CeAgAs: suggests that CeAgAs: is a Kondo lattice
system with two antiferromagnetic transitions in it.
The discussion during the poster presentation with

experts like Prof. Christoph Geibel, MPI CPFS,

Dresden, Prof. Dariusz Kaczorowski, Institute of
Low Temperature and Structure Research, Polish
Academy of Sciences, Poland, Prof. Hisatomo
Harima, Kobe University, Japan, Prof. Eric D.
Bauer, Los Alamos National Laboratory, U.S.A.,
Prof. Tatsuma D. Matsuda, Tokyo Metropolitan
Univ., Japan, and so on, strengthened my
understanding in various phenomena in the field.
Finally, we returned back to TIFR, Mumbai, India,
on 1st July, 2018 with bagful of experience
gathered during this visit. | will always cherish the
moment | have enjoyed with my Japanese
collaborators and surely | will visit again to this nice
place to meet the nice mind over there in near

future. Arigatou Gozaimasu.
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BRI L
BT Geo. (=A%) ICHNEAMITERE T RIVF—RIIC

BRIAICBIE, TDOEII-PhysicstRIEI A REEICT
RAZ—BIGEA TV REREHNRTY, HHICHEE
ICEEBNTE W RRETT L MEEIBREIFHH
BTARFETCARICHTEEL LTz, RBRICKIEHYDLE
FAYDEREANEALOOHDTIH AED3D
D1ZRRTETTOBIcT>HWEBENE LT, BlE%Z L
CFFVBEERBEDOLDOUARDONGWNTLER

RLE L, ZRFCHBLOBRITEIFTERIIIEL,
EREFAITIE. MEBOEEITFICHHEEITERY, BHBX

FEDFENZDOREOMEBEF v L INDBNMEEE
BLRRBRETECVWEEE L FARICBDDAEA
TEBUVHSTEICEGTVELIED, TOEDEBRNS
DFMCED>TUVET,

BAITEE. RRABFANRY MG EMOERIIC
SO EA&R/ UARICEMHDHELIEBA A DAtE
EREDORENARETHAIEERELTELLE
[1-4], TOFEEAVBTEDFRD 1D, (ESm*A A
YDESIICF DA BF DD ZICATEFERT D HXTIR
Ii’{?b\I'Kﬂ/Lu_L“BU)'(ZB’)'C% HEFREHRDZER

KYCHAYOERNEGRAHZ R ITONSRICH
U?TO A B, SPring-8 BL19LXUIC T, aBIAAE F D
MELEWITTETE T B Geometry(Geo.)1&. aBANEF D
BELENICEELEWNGe0.2D 2 DDREREBE CAIEL
feSm¥* 3dsn AR EF ANV MIVEZDIE_BH
(Exp)ZoUICcEY ICERNEEEA M ZRFD2D0D
BEERELRELIAFVETIVEESIM) DR &%
TY, REERDBE_EH(1LGeo.2 (BRI DAH

JIMLTBI T ' RELTEAFVETIVETEDIRZ
BUEORBRREKEHLMERI—BLTVET, Ihi
K. SMCUSLDSM3* Af BEIREED [ 7' Tdpt). AfET T
PEHEICRELTUVSBYbCu:Sh[11EBH DA B I
UTWBZELRESHICEYE LTz,

.SPring-8 BL19LXU [ CRIE LTz SmCusSix D Sm3* 3ds, 7
HETFANY IV EZDIRZEME (Exp) BSTITT /T 7 EEIR
BEZNTNRE LIcA 4V ETIVABEDR &M (Sim.),

[11T. Mori et al., J. Phys. Soc. Jpn. 83, 123702 (2014).
[2]Y.Kanai et al., J. Phys. Soc. Jpn. 84, 073705 (2015).
[31S. Hamamoto et al., J. Phys. Soc. Jpn. 86, 123703 (2017).

[4] H. Aratani et al., Phys. Rev. B 98, 121113(R) (2018).
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EEZOSNE T3, TDc&dTun DIEKTBFHETIHRN
BRui-RhAsDBIREIL, FFHMEDE FIESEICLOT
FEINTVWBDOTIEEWHEERBEINE L . A
& MERETERL BIEBRSMEICDSEDLEOT
W EBIKYTIDEBRETRERISEE TV 55E
Bl BRRoTUANDIFVFUvIBRBLEEDER
ol EODRWERFDO T, AIEZITVE L. BiHZE
UISN2DONRBOEEETIEHIVETH AIEDKE
R BCEEEAMAIEEEZBOLSICHRSE, J—
LYAE—VERT SEBLRETHATEADIIEL
feo CORERIFFHXICEO>TWADTEKDHZHIEE
UfFtA CHTLIEEW 4L, LA L. TZEZE 75 RUASH
HBIKICETEOTLESDOD GHERSONER— T8,

DHTHBEELEZDH EARBRICEASNG W] &
BOSHIDTATIH. FADEfE% LT DMED
HAEETNSEDRRAZ2—EZEZTINDREBNE
T BEITRTLIEE DAL AEICEALYTLLIEED
eI RNTDOBARICEFNLET, HUNESITETVEL
feo

EEE

FFEENTTODO MR EREN T EDEETEE
HNETERENTT, BELGOSHEAELNRROSMES
S5HTEBAS. AEICIEFE>TIVDERELHSTYT, K
IC/>THYRZRBNE MEZEICROTREZZEAR.
FR7OVSLEESERTENTEEY, BEMNIC
T—AHBENE T, HUHTEWTT, BREEND K574
HEDIEHYFEBAD. RR—YPIRIT. KEZATHF
ETY, EROEFEINEVRED SH. ALITERFD
BT RVDETEBARTICIT>TLEITELZWVTT,
FRINFRHKTI D, =i RADBEBRYEAFERET
I8 ML DSHRIT>TH Y. JPhysicsD T OY S LA THIEL
TWBEBZ24EDKhusboo RanaE AEE &, /\— R
FAFICHZ D NKAFSUEICRVEBATEYE T, %
IN—=IVHE & DKhusboolc 7 )7 v bEHATEHESWVEL
feo FOWAL—EHBARONDLDICGEYE L, RiRDG
B Z TN TeIPhysicsITRBF W TELE T, LD
Tl mEVVIEZ S TANEBRERICBATOVE
T HREARFZORBTRAREICEFR TLHD T, INH5
HLEALLBEWLET,

[1]1D. Hirai et al.,, Phys. Rev. B 85, 140509(R) (2012).
[2] H. Goto et al., Physics Procedia 75, 91 (2015)
[3]1 H. Kotegawa et al., Phys. Rev. Materials 2, 055001 (2018)

[4]Y. Kuwata et al., JPSJ, 87, 073703 (2018)
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ATTDT. FMEBILD/N—=TTT, KEICADTHS
WBIFEAET SV ABERFI RN EHGEO>TLES
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REIFELERZVTT., INDSERLGRBIET
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[11D. D. Khalyavin et al., Phys. Rev. B 82, 100405(R) (2010).
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T=30K( ®EHLMAR ) & 5K(IFRERGRHIMAR ) I<d1F 5 Pre
3dsp ARRIEBFANY bU ( EEB) & LD(F&ER ), LD & p RIHT
DANRY M IVEE |, & s RHETDANRY MVEEDE |s— 1, &F
FLTWEY, EBDDITT s IRED A F 2 EBICH T 2 AN
7 MVERICE S ID ZRLTVET,

[11T. Mori et al., J. Phys. Soc. Jpn. 83, 123702 (2014).
[2]Y.Kanai et al., J. Phys. Soc. Jpn. 84, 073705 (2015).
[31S. Hamamoto et al., J. Phys. Soc. Jpn. 86, 123703 (2017).

[4] H. Aratani et al., Phys. Rev. B 98, 121113(R) (2018).
[5]S. Kobayashi et al., J. Phys. Soc. Jpn. 70, 1721 (2001).
[6] M. Loewenhaupt and M. Prager, Z. Phys. B 62, 195 (1986).
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| am a PhD student in Prof. Swee K. Goh’ s group at
The Chinese University of Hong Kong. My research
mainly focuses on the transport measurements of
superconductors and topological semimetals. Together
with applying hydrostatic pressure, we can tune the
electronic structure and explore rich phases and
phenomena of the materials. In June 2018, | attended
the Summer School & International Workshop on New
Materials and Crystal Growth at Awaji, and presented a
poster about the rare-earth monopnictide ScSb.

Rare-earth monopnictides RX (R = rare-earth, X = Sb,
Bi) are one of the systems in the rapidly expanded class
of topological semimetals. These materials have
attracted intensive investigations because of their
nontrivial electronic topology, intrinsic magnetotransport
properties and potential technological applications. One
of the unique features is the non-saturating and
extremely large magnetoresistance (XMR). The
measurement of these materials supported by a
thorough electronic structure investigation can enrich
the understanding of their transport properties and
beyond.

Among the RX family, LaBi has been proposed to be a
topologically nontrivial semimetal [1]. It exhibits several
intriguing magnetotransport properties: (i) a large,
non-saturating MR, (ii) a field-induced upturn
in the temperature dependence of resistivity, and (iii) a
resistivity plateau at high field and low temperature. In
other isostructural compounds, YSb or LaSb [2,3],
similar transport properties have been observed but no
surface state has been detected. ScSb is the first
member of the RX series, in which the Fermi surface
topology is qualitatively similar to that of LaBi and YSb,
but there are two important differences. First, there is an

BEF@N

additional hole pocket centred at the I point of the
Brillouin zone. Second, there is a large energy gap
between the band formed by Sc d states and Sb p
states near the X-point of the Brillouin zone. Thus, band
inversion is absent.

In the poster, | presented the MR and the
Shubnikov—de Haas (SdH) oscillations of single
crystalline ScSh. The XMR, field-induced upturn and
resistivity plateau were clearly observed in ScSbh, which
can be well explained by the semi-classical two-band
model. From SdH frequencies, we can extract the cross
sectional area of the Fermi surface. By rotating the
magnetic field, we can get the information of volume
and shape. Thus, the Fermi surface topology can be
determined with the support from density functional
theory (DFT) calculations. Figurel shows the FFT
spectrums of SdH oscillations, the angular
dependence of frequencies and corresponding Fermi
surfaces.

Despite the key differences in the band structure, MR
curves of ScSbh are remarkably similar to the cases
where nontrivial topological states have been asserted.
Furthermore, our SdH oscillations detect all Fermi
surface pockets predicted by calculations. Therefore,
ScSh serves as a useful reference compound in which
the bulk Fermi surface topology is fully determined to
distill the essential ingredients responsible for the
interesting magnetotransport properties in rare-earth
monoantimonides [4].

The trip to Awaji is the first time for me to attend
activities organised by J-Physics. During the week, |
listened to a lot of inspiring lectures and talks. Topics
about electronic ground states in semimetals and high
magnetic field experiments were also discussed, which



are closely related to my current work. In the poster

session, | had great discussion with other researchers
and received some advises, which deepen my
understanding and broaden my horizons.

Besides academic activities, the excursion in Awaji was
also enjoyable. We visited the beautiful park on the
island and the impressive Uzushio Vortex. In the
banquet of the workshop, we watched the Japanese
Traditional Puppet Show, which is a special experience
of Japanese culture.

I d like to thank the J-Physics committee for giving me
the opportunity to attend the event and recognising this
work with the poster award.

Figure1: Quantum Oscillation of ScSb. (Up) The FFT spectrum at
B//c direction and shifted FFT spectrums at different angle.
(Down) Angular dependence of frequencies and the
corresponding Fermi surfaces from DFT calculation.

]
2] J.He et al, Phys. Rev. Lett. 117, 267201 (2016).

3] L-K. Zeng et al, Phys. Rev. Lett. 117, 127204 (2016).
4]Y.J. Hu et al, Phys. Rev. B 98, 035133 (2018).
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