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[1] D.K Ray and J. Sivardiere, Solid. State. Commun. 19, 1053 (1976).

[2] #&mE@, EEYER 25,1 (1990).
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E-Quadrupole

CeAg 5 PrPtBi Ce,Pd, Ge,
Tmin TmCd s 6 i UCu,Sn PrTi,Al,
CeB,  PrPb, 3 PrOs,Sb, § | Ybsb | YbAlC;?
K,CuF, | UPd, DyB,C, | HoB,C, | LaMnO, DyPd,S,

ThB,C, | PryPd,Sic | Ce,Pd,.Ge,

E-16-pole | SmRUE;,

PrRu,P,, ™8 PrFe,P,,

E-64-pole

(Ce,La)B,

Yb,Pt,Pb
|

M1 Z2ERFHFE LIEZEBFHES T L2EBYEE R T EENEL. TNhoHZRFORDDSHRENEELZORHTTAY b LILD, dBEFROHN
ERFITOVWTE X AIVA b= B2 TeK CuF, (REBAHRIEFEIFTIC K SRADEAF) &LaMnO, HISXREIFORIIDERA) D2 L TV 5, Bk
WEFOMRFDERICEBFEEDL DRI, T ICEIF L DL ZHEFTET 2.

FHFEDEESAREBMHAEHRTETEICHED, MIRICESNEEEEBICE O TESBFHFENEEDIDIEIE.
MR F A BB 9 5 k&R F (AFQ) FDHERICK > TEHLSA EE o Tz, HEMWEILCeB, (158, PM3m) T
BB, COMBEL T ZREGSEEEMICHS, €OBSTHRI2K (T )E23K (T THRERZTRY. mEBAINS 48
AR MABEPREN, T, &T DORBD DA, LLAFITISEFERB DML BB ICHIHOS T MIRAVAIE TIEERF
REFEHIRGFEREINGL, Wb TRENKFE] O#BEE>TO T, SFlIES <OEHIEE 23]1ICEDD.
BHRCORMEFEITE SBRRONMRDAIE, Z L THS/ \ BT DHEREEEA LILEBRMTDNARHF LAY, T BDM
®F (0,,0,,0,) lcLBTRFRE A= (1/2,1/2, 12 DAFQIECH B LML > fe. TBRFHHERE L IIRREICRIS &
HMFBE. ZDIEEF DS KRB ERSIIEF SRR/ BFHIRAE VE‘EEZEC THREIND, TTTH.
ZOMEEFRBLTENMKESE TRIENICATRL) LTV, BICNMROBIEHN SIEHIIBEERO T EEI S
IBFICEDTENTREN. RROAFQEDHEAFTR Y BfcdIcld. MG EFBHEEER THIBAN\BFED
HENEELEREZIBSTENESN LG T,

DL GEHEIBFIREEICH L. AFQMFEZ BIERED S RERD. 1990 FRBFICHBXIREITOFENHIILE
TEICEKOTHBEE G0 Tz [4]. ZHZTHAFQMETIZRFAYDEANGERDHHRENILIDTHEH5. [RF
FRRAFIEEIEFBICRGO>THY., RENICITNICEZEH RETE XRE CRRATESIE T THS, LHL., FH)
EIZBARRORAICHZD T, BEDTECTIEEIMEENSFTEATELG L, —F HIEXRHEL TlE. RIS T
HEFRENZELUBKRTREEDIT. ARS, d EFOREE R TEITEEDEELNY MU DRIFMEITRZELT
295, INSOUEEFIRLTEBFERETEHTENTES 5], WBTFBHBE (ELBK) ZHVNUIEMIBRFE

3] HERIZER, EUAYIE 33, 32(1998); #ez ==, JEHA, ibid. 33,631 (1998); tHEIEXZ, ibid. 35, 229 (2000); #7272 80, ibid. 36, 459 (2001).
Y. Murakami et al,, Phys. Rev. Lett. 81, 582 (1998).

SRS, R 7w T IV A A MEFEDFERTF X K (2006); BFEE], J-Physics EFEDERTF X (2016).

6] K. Hirota et al., Phys. Rev. Lett. 84, 2706 (2000).

71 H. Nakao et al,, J. Phys. Soc. Jpn. 70, 1857 (2001).
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T. IBFERBE (E28%) ZAVNETSBFETEAETZTENTES, TOEHNFEAIEIIBEFROFER
FagAT5ioIcBE N4l f EFRTIFEREDYB,C, (EA &, P4/mbm) N&EFID, CeB, A ZDED@EAHIE
%%106,71 fef2L. Lwﬁ,ittiiﬁﬁ%i%b\bw“ﬁmﬂﬂ Y ICRE T 2EMIE TEDD . BBOHREICRES
BETco. EENGERITSDETAHLL, —FH. BEEEDOXIRICKDIERBDEITRER TAFQMFEZBEHELSR
BEL0D, WhIEHEDRERS, FLU<DYB,C,[8]&CeB [ RIITHN TS, TESERFRREFHHHZD

T\ BEEHICEENDZBFORD A EENIFHETES,
AFQ%%F%%/?J% SHTIEEZHSNTWVS (B1), EBRRVIE LTIEPP, (175 5. Pm3m) THESRIN
BERARO 'MBFREER DEIFONS[10], ZBFEHEZ R D IOBREFICLSH%FE. FTICZBFEE
REDERNTBEND, INSDAFQKFEDIEBZREICKY., ELICHIF-O.@QDFEICMNA T Q—HENIBREIZL
REERSETF R FHEPNMR/NQR, HIEXISHE LD

MM%%MEEE&M@EMT%%«.&#EEM Thic

3. XOERDZHFAN
ZIBF OB EFANDICIE. U EO~@ITAZ T,
HEEANS . 6 (G : mET [ N Z
LTHREAESHSNT VS, BEFEVBRDSEFDS>5, REHSN\EF (AFO) #FhH Ce, LaOSBsthO
(3T & Fm3m) TRERTN TS, WFhE p SRAIE TIRBUVERNMEAREENS (1], Ce, La B OIVEE
EIENDAFORE (1.5 KLUTF) &, L, TRV, EL, E2MBR DR AR & BiEL e RBREEBROBIFTHS, [LE (T,
T 1) 0= (12,12, 12) DFF CH DI ENHEREINT[12], TOETIFE e, BEEHC, MY 7 MeZRL,
BRFONNARICODTNICEGIELERAEINTVS, KO TEGEDAFOETIFEL T EOFQHMEN ERFCHERE
NBAFO-FQEF THBHLEEZSN TS,
MR BT, EimREIEsEUOHRENICHEFEEL CERARIEE TH S, BRDOBERZIBFDORREFIEH KN R
?t%b<§t;%>7":&)\ INZRATENEZEBTZHATES, BKIBFDIZE. FREFIEEENNT MLDOKE
Kk MODEEITRAT, k DBIMICHEVETRD T2, CNITRHLEXSEFDIHZEICIE « =0DEE0T. k DIEM
EEBITHER, AR ESTRDT %, Ce,La, B, TIERIBICTOIRDEVHMRIRF M FEHERRICK > TEHRAIN. T,
BIAFOMF EFBEL GV ED D SHSNT[13], —ANpO, TlE. NpDM,  TRliRik, ELEFZDHISXIREIT[141H K
UVO-NMRICKBREIBHTOERNSIEHMELT. T RDAFOLAFQFE QBB ICECTWVWA T E N REMITHERR
ThTW5,

8] H. Adachi et al., Phys. Rev. Lett. 89, 206401 (2002).

9] Y. Tanaka et al,, Physica B: Condensed Matter 345, 78 (2004); Europhys. Lett. 68, 671 (2004).
10] T. Onimaru et al,, Phys. Rev. Lett. 94, 197201 (2005).

111 P. Santini et al. Rev. Mod. Phys. 81, 807 (2009); and refs. therein.
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[
[
[
[
[12] #REtERR, AAEX, BRI 41, 597 (2006).
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2003F KW RR— b LIFFEREZE FRIBRX VY TIVEA MEGICAIE TAH LW EFLEFREDERI LTh
(B | EF<EEMEE [EVETFROEMEHKFIL] 2008F~) ITKY. BRSIRTICKDEEREMEDEBELAEL
ERLIc, INSZ2D7AITY hDMMNICHD (SEEHSD) KAV MI DB FEHENERLLLHNE Z
BRLEETAHIETH D, RT X, R:TUEU TIFFARE T BBERE. X F13-15kDTHR) LRENSFIE
ATy TIVEA MEEDYERE (15 &, Im3) TlE RAFVHN2EDXA A > HMEZ 0EAEEED EHX #5745 T3]
DHRGNCH BT, FERIBHROIVNEL 4 BFOFRFOSBFEHENMERE THEIP TV, 4 f EFHPELX AT
YD pEEEDBRBMRO BAFHH SV, BIEEND, FHITXEICED 1610 BRSIBFOH G kE%Z R
HLTRELTPIRUP ,EPIFe P DBRIFEND, BIEIZ2KTEEB —HFEBER. BEIEPIRYDEVEFRIET
HY. 6K TRNTKFZTR T, NMRPHPMEFIFEEREFOMRNRERLS. VITNDRICBWTHERHKFET
TEEIIEN DD EFTE 4 T EFIREDOWHEFNTOEWTED DD DT, FIZISHIZHRDRMEFEELRER
TlE ERDAFQEDKSGEIRD BV EIFERGY ., FREIIEBFOE ICHIZARZREERNTH S, HRLAGERERE
EHRNERICKY, RENTEZIRSGWRAAT—E (05T 2Y) O+758FH L<IEARHUEF A REERICESS) S
BRFEEZON TV D, e PR TS TROD D LBVWE FHBIGEAPrOs,Sh,, Tl Bz CAFQHFE H\EAIES
TN FV—N\—HO5 I HEBICEOBFOIESEHES LTV S REED IFE MR FRERRO SRR ENT
W5, LEDPIRTIE, 4P BEFREICH T, —FIEL T, =FHOERERNMIL GERZBFEHREDHIRZIED,
Tt BIZICHRGEEVNE FIREEREDSMOs,Sh, . BRMFEERAHME. AT —BEHFOEMEHE. 3
BRI SMRUP ZEDSMAEFETNTLS,

— A BEVWBFROTOIY Y Tl PrIT,Zn, (T=Ru,Rh,Ir), PrTAL (T =Ti,V, Nb)D WL bk 31-2-20% (3175
ga. FBM)BBRENT, SNSDWMBELPrA AU DB ZInA A2 DI H TRIBEICRN BT ENTIREICHY, 4F EF DR
MHEMRODERIFTED, 4f EFORBRISEEREIL. HIRBFZRFT. EEFO, O &R DML UEF _%
AT, CHB, INSDRTIE FQ. AFQMKF EZ DE FAEERE RUAEDFEFermiR AR E PIFECREBEE, BERE
BENREVOLEBGERFNMERVNTRREEINTWNS, Ce RTHILIGABEFH S [HRFREEE T NOH
e EEDRME LT, BHREHZEH I-Physics (C5 [ EMONTETLTWS [17], e RWMIIE L TR
T&H3Yb,PtPb (IEF &, P4,/mnm) DEALBIRDEEGIRSFEVD. J, =FTROEKI I —A_EBEHFHLEHW
28 F D REBHIEEZRE T 2ELHATESILERLILAZEEHS (18], TDM. 30FRD5# THSHURUSI,
(EFA & 14/mmm) OERNHEFICDOVTE. FRIFRIZTEH. FIEETDRREBFHRFDEREEIREREN. K
FERRRITIEESTLEWL19],

[13] K. Kuwahara et al., J. Phys. Soc. Jpn. 76, 093702 (2007).

[14] J.A. Paixdo et al., Phys. Rev. Lett. 18, 187202 (2002).

[15] Y. Tokunaga et al., Phys. Rev. Lett. 97, 257601 (2006).

[16] BAREZ, BlR1Z, k=T, BUAYIIE 47, 129 (2012).

[17] RAZER, #ERZES, EAYIER 47, 565 (2012); T. Onimaru and H. Kusunose, J. Phys. Soc. Jpn. 85, 082002 (2016).
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4. — AW D Z M- e R O

EL3—DDEEAWROINIE. SEFIcLH— RN ROBROER TH5, REMEEZRLIIZED
SERERIE. EHOBELT v XV EBOBEAL Y LEEBT A BOREHR (KUVFF+ > 3 V) &L
TERLEN, T0EREED SB0ERICH T TERRMICEL ARSI, BICIEENZDIE, REVS = 120FR
T F oV RIVENS2DEE (—RITIE2S = nDEE) ITRABBEDIERRERSAEEL, ZOEYORMER T
VS E IR BEBENSBRTETHS 0], HIAIE. HIERHLEG-INT THEL BRIFAIRTICLAL ZLT
05RIZD I bOE— AN EETHES, COEFIVICNYT ARENRHOEBHRIBE T, (2 BFEBICS
B3 ST— R EBLEEBT LD RERNBERSN AL IR T BL, 2F v 3 BRI T 58
NIV ZTYNEENBTENBRNICRE SN 211, BISICHBEIET T )L SRAKEE AR T UBe, |CHAE
Y. Y, UPd, Th U RUSI ZORALISVRRR, E5IcLa, Prpb, HEPHLEMDRRA TRRNMTDNL
RESTE Bk 52 TOBMEBL T FIABENTW AL ST, B, AEHICHLCIIBRS HHIRAEDH TVS
Y PrInZn, (x < 0.05) A, T, 36553 — R 2B & H—FMMIUE T BRI T BN OV 5Z T
BEAEMAE. EEENB[22,

5. BHOIC

MUEFEBFRDBFICBIT2ZBFARDINETOREMZ. XAIVA =2 EGRBMAEDBNELEICTRERT A FH
SEERLc, K1 ICEWEDELT BTG URFLD) F/N) T DEEBFHH B, B/ \BFOHKOEFEE
THd, INBIE. ZEEREXIEDEN TSR TIFRERENICECTEVNEDTHSH, FLEDH>TWEL, F71)
BORELAEFEDIXRICEOTINERKRTA L ATOVIVNDEEGRBED—DOTHD, —H. BEET
ICE DB ERPRE DD EILEZEF (Augmented Multipole or Spatially-Extended Multipole) & LTESZ 5.
BN TAZBF 2R DRDILELFEITEHEICELSDIEERDOREICH 2B TH B, ATOAVII KT TEI5
IZlE. B SUATTIVITHEHEINLE DBETIRZERRLIEWEEZ TS,

8] Y. Shimura et al,, J. Phys. Soc. Jpn. 81, 103601 (2012).

o] KBRS, EMAIER 47, 651 (2012).

0] Ph. Nozieres and A. Blandin, J. Physique 41, 193 (1980).
1] D.L. Cox, Phys. Rev. Lett. 59, 1240 (1987).

2]

[
[
[
L
[22] LLARIE, fth, BAMIBFE 22016 FMHAAR13pID-8; A= 1 — X L2 — HBBEHLARFRA 2 —HZEELSE.
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The study of strongly correlated electron systems is
at the forefront of contemporary condensed matter
research because such materials, which include un-
conventional high-Tc superconductors and interme-
tallic heavy fermion systems, display remarkable elec-
tronic properties that challenge existing theory for
satisfactory explanations. The Coulomb repulsion be-
tween electrons leads to correlations between the
particles that oppose their natural tendency to form
extended bands. A rich variety of behaviors occurs
when these interactions become dominant, i.e. when
the on-site Coulomb energy (quantified by the Hub-
bard U) is larger than that gained by delocalizing the
outer electrons in the solid (measured by the band-
width W), the electrons become localized at each lat-
tice site and the material exhibits vanishing electrical
conductivity (Mott-Hubbard insulating state).

(a) (b)
S0 n Cs3Ce0 CeRhing
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Fig. 1. Phase commonalities. (a) Schematic electronic phase diagram of
A15-structured Cs3C60 showing a superconductivity dome emergence of
superconductivity out of an isosymmetric long-range-ordered
antiferromagnetic insulator [Takabayashi et al., Science 323, 1585 (2009)]. (b)
Phase diagram of the heavy-fermion superconductor, CeRhIn5 as a function
of applied pressure [G. Knebel et al,, Phys. Rev. B 74, 020501 (2006)].

Another manifestation of such many-body interac-
tions is provided by f-electron systems in which the
correlations are so strong that the effective mass of

S it o T G
INCREAR I Sy

the quasiparticles becomes several orders of magni-
tude higher than the bare electron mass, leading to
intermediate valence, Kondo, and heavy fermion sys-
tems with complex electronic and magnetic behavior
including unconventional superconductivity, quan-
tum critical phenomena, and multipole order. The
interplay between charge, lattice, orbital, and mag-
netic degrees of freedom in such systems can be
tuned sensitively both chemically and physically (vary-
ing an external parameter such as pressure or mag-
netic field).

Recent work in our laboratory has shown that
high-Tc superconductivity, defined both in terms of
transition temperature and the key role played by
electronic correlations, is accessible in molecular sys-
tems. In A3C60 fullerides, superconductivity competes
with electronic ground states resulting from a fine bal-
ance between electron correlations and electron-pho-
non coupling in an electronic phase diagram (Fig. 1a)
strikingly similar to that of the cuprates and the heavy
fermion systems (Fig. 1b). Superconductivity at the
highest Tc (38 K) known for any molecular material
and with an upper critical magnetic field, Hc2 exceed-
ing 90 T emerges from an antiferromagnetic insulat-
ing state solely by changing an electronic parameter -
the overlap between the outer wavefunctions of the
constituent fullerene molecules. Tc is found to scale
universally in a structure-independent dome-like rela-
tionship with proximity to the Mott-insulator/metal
transition, a hallmark of electron correlations.

Our research aim within the J-Physics project is to
establish the field of hybrid f-/p-electron molecular




materials by synthesizing and researching molecu-
lar-based strongly correlated f-electron fullerides (Fig.
2¢). Here, the presence of the electronically-active C60
anions (Fig. 2a) will be combined with mixed configu-
ration rare earth ions (Fig. 2b) leading to properties
intrinsically unattainable in comparable rare earth
solids with closed shell anions. Strong correlations will
dominate the electronic properties of both the
rare-earth cation and the C60 anion sublattices. Our
research will target the discovery of intermediate
valence f-electron fullerides with complex magnetic
or multipole order, new electronic states of matter
such as new molecular ferromagnets, metals, uncon-
ventional superconductors, and multiple-component
correlated electron systems with unpredictable elec-
tronic properties (Kondo phenomena of the f-electron
sublattice co-existing with superconductivity support-
ed by the C60-based p-electrons).

f-electron physics

The research staff members who will contribute to
the research activities are Assistant Professor Yasuhiro
Takabayashi and Research Associates Melita Mene-
laou, Takeshi Nakagawa, and Robert Sobota. The
research activity of our team consists of two integrat-
ed components: (i) establishing reproducible synthet-
ic protocols for new materials discovery and (ii)
accessing new electronic ground states through ad-
vanced structural (synchrotron X-ray, neutron diffrac-
tion) and spectroscopic (XANES, RIXS) studies and
physical property (transport, magnetism) measure-
ments of the new materials following systematic
changes in chemical features and external physical
parameters such as pressure.

p-electron physics

(RE)S, RE = Sm, Yb

fusion of f- & p-electron physics

RE, ,5Ceor RE = Sm, Yb

A;C¢o, A= alkali metal

Fig. 2. Combining strongly correlated rare-earth cation and fulleride anion sublattices.
Crystal structure of (a) Kondo insulators, rare-earth monosulfides, (b) face-centered cubic
alkali fulleride superconductors, and (c) negative-thermal-expansion intermediate-valence

rare earth fullerides [J. Arvanitidis et al., Nature 425, 599 (2003)].
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Emergent spin-valley-orbital physics by spontaneous parity breaking
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Exiotic superconductors

Chair K. Ishida
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Superconductivity in Transition Metal Arsenides
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Search for valence fluctuations on superconductor Pb, Tl Te by
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