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[1] 12th PRAGUE COLLOQUIUM ON f-ELECTRON SYSTEMS, Prague, 4-7 July 2018, http://www.kfkl.cz/pcfes

[2] The International Workshop on Dual Nature of f-electrons (IWDN2018), Wroctaw, 9-13 July 2018, http://iwdn2018.intibs.pl

[3] International Workshop "Frustration, Orbital Fluctuations, and Topology in Kondo Lattices and their relatives", Dresden, 23-27 July 2018,
https://www.pks.mpg.de/fotok18/

[4] WORKSHOP "EMERGENT PHENOMENA IN STRONGLY CORRELATED QUANTUM MATTER", Natal, 27-31 August 2018,
https://www.iip.ufrn.br/eventsdetail.php?inf===QTUTEM
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J-Physics : ZBFEERXRDOYIEEOMZEICINDO T, TNUEATAERCTIED O EDIC| TTIVZA U HD
KB7TIVIEHLDHS, BEEBFRICBWTCRAEVHEREERIBWNGS. AEYAEFHEsEEAEF S
Tl 2HEFE|DNRVWETFRICGASTLIEF. INETICREATLBY TH S, ER. AL I BICES
U LDIRDDRIG AEVEEMREERICK O T3pHlED | =3/2&) = 12 \DHLIZELITERT S L. XiR
B RETAHWVWACUEMEXEN Ka1EKa2lcRHELTWADE., 2p8ED ] =3/28) = 12 \DHEHLTWBZ
EleL B, HXERRICBITEIRELRAMBFICOVWTEREKRCH. TITENAMEIL. (F5DICEDNTH
%o BIZIEPITMZN2o P PITMoALICE W TIE, PrHCHITBA41EFEBDEH DI = 4 IRED TOHFREE € D

RBICEYDHL. BEREHNIEVST—RZEHET 51055, TOREEE. BMEER T MR EEREETF%
6D, BEMEBFORFL. MBFLAREEFOREFERICKDAEEMNR. OB FRESEZENELIFY
FvUBEEZEARVIE N AEREENTOS (1],

T DIEFIILAZETE | ZRIFLEEEERETEZIENTESRRLAON,, BHlKIE. RFRERHOLDFRE
ZEEND S, CEETFIEAEVAEFESs = 122> CEHNTELOICBAS, AEVEEEEERIL. DX
E>Z®H25AMICAY T 5%EZRT, ZHERT. JBBEEEAHNtRRETNIE. 77 ORRANICED
TEEEFIFAEHEAECVAEHEZRIFTIHELNGWN, —A T, BREALZBNHTE CEETFD
RENBAEUE. 7Y ROEERBICRED LI, RFPEDFEEE D SESNSD T, [REBFH | DIERZRE
ITHAREELH D, CDEOIBTEEEZ TN LA MHETAEHARTADURLSLD T TIVIEA] = 5/2Dj,
ANCEDTERDFL. TTIVIEMBAICE O TELE S| MR ZFHF DL EEICRATAVTICLLOT=+Z
BFOERZENMEKT DL, TEHEURLSLOBNCRFDEGRN =+ B FREF CH LMz iERL
2 (2] UPts®CeCusSl CBWTHLEIRIC| 7T IVZAVICKBD T TIVZEATARNSNTWS[B4], TDLDIL, |
7T)VIEICEDWVTHRFREPBIZENMEZ EiR CE2DIE. B TRITTH S,

EBRERZSCIBEFRICBVWTE RRBLEADHARTIILETIIVIERYEYIHITHOATL
%, ERICITHEAEHEDNRIELTVDD T, |, TIEFEL, dyy, dy, EVERDICLDR Y EV YT THBI5] ©
ITlE BLDYERDRRATAVIICEBZHERESET (MBFESE) P ATV IMFEORIREMED FER S
ncwa,

LEDKSIC, 95 VRTREZERHEZL D] 7TIVIA VA R TIIHEEHEAF DOIEFH. 7T/V=
EDXATAVIIGERALT. SROEBFHRF PR EBECEEGEDZEEMBEEHCLTWNSBIELH DD

[11T. Onimaru and H. Kusunose, J. Phys. Soc. Jpn. 85, 082002 (2016).

[2] H. Ikeda, M. Suzuki, R. Arita, T. Takimoto, T. Shibauchi, and Y. Matsuda, Nature Physics 8, 528 (2012).
[31 T.Nomoto and H. Ikeda, Phys. Rev. Lett. 117, 217002 (2016).

[4] H. Ikeda, M. Suzuki, and R. Arita, Phys. Rev. Lett. 114, 147003 (2015).

[5] B Z £ S. Onari and H. Kontani, Phys. Rev. Lett. 109, 137001 (2012).
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oo ZNTI. BICBRNTCREVHEREERHAEVNSABIBEBY5p, 6pBEFEIF DTe PBiIGEDETES
BLEMIBVTE (BFRICELULEERDSEFHENRENDZDEAID, THIC, BETRLHET
ROEOHE THHIREREMEEZNLIMERREEDDTET, (BEFREFELTIEFLEDELE
ERHTIEDNTEDRRLADD . INDARRFEOHERD—DTH%,

TCPEFRPIBFRTIE, ECERBR | 7TV AV EREITIENTESREAOD, COBERHT
ITiE. B—EREEFAEL. G ICIEERIUREICEDODNDS, BHRHOSDT7A 7T 7 ZEBRENLIEL, ZDH]
1T MERROE Y MEGRHAEZEDONMBNLIZL,

E—DfIE. BikTeTH 5, 2018F 1 AABRSBESEIERBR CHELILNEAIVI -T2 T TESEI
27 FTIVHEMEER R SIET ) TOFBEERETA (RRERNKA) OBREE DA IVESEEDTIVIVIC
B BERBEHME L 2018 FE3FMMEM TOBBLAHRFETORKDBRHFER [HiETelcBIF 2T RFBL/N
IWOHME] ZRBZATWAIEADD, EhTeldTeNAESBTADNEESTAD=; RIEE (ZEEEP3:21, D,
#152X1&P3:21, D5, #154) TH B, TO—F vy THEEXT, TUILT7 V-2V DHRIUET HMEFHD
FHHAREV DL, BEERTIEHRDSKDEABNEMITNIFRAIC). = 4327V F VD, BDA
BNENMCTNIFRIC). = 32 7TIVEA Y DER—IVERT Y FHAFEEL TV S, [>T ABFERDOcEBEN
BRERTE . =+32TTIVEAVDR—IVRT Y O EERANGEY., ZOFHER. cEEHBRDOHIENELCT
EWDEDT. FBETASIENMREBWTCERGSED/ L7t ZEH LIz[6], B5AA . AEEEEIEEL
BTV REFIINTCHAERBERORNEEELGREZRIELTVS,

FBZDRFIE. N—THRARZ—EBEYPBIDOT mICHT5]=32TTIVZIAVE ZTOHRERICKBBIEE
TH5, ERIBEITIIH EMIAgAsE (ZBRIBEF-43m, T, #216) T, PtEBINAA VY EY RIEEDCIEBER
BiIZHEL. ZORRICYDBEBATNTWS, MROVAIVEESETSHY. BiopBEICHRLIZ| =3/20MME
Fi/ N\ FEGEF/NY RO R TELTVWS, RSO\ FRETECETTEE TV IREIEER
Y. IREIERIR D /N KDL T L%, Quadratic band touching (QBT)EEMFIENTWT, T4 oV I EFHRELY

ETFREFEHAELES, #>T. EFHEOMNRINARETES, TOYPBIHT =08 KTBIEEAERLI:
[7]e FTeHEEFEBEDYPABIGEN—E CHBGENEA TN, LEEAHRISZH.DRERFED S pKBEEE

ATEEMEDMER TN TULS[8], THICEBWLT &I, BFRERDPhilip Brydon5idj=3/27 )V 4 DEFXT

Rz ERELTWS[9], ZCTE. 7—/I\—RHKIKEGHEREHNELEET THIENTETHY., K

[6
[7
[8
[9

T. Furukawa, Y. Shimokawa, K. Kobayashi, and T. Itou, Nature Commun. 8, 954 (2017).

N. P. Butch, P. Syers, K. Kirshenbaum, A. P. Hope, and J. Paglione, Phys. Rev. B 84, 220504 (R) (2011).
Y. Nakajima et al., Science Advances 1, e1500242 (2015).

P. M. R. Brydon, Limin Wang, M. Weinert, and D. F. Agterberg, Phys. Rev. Lett. 116, 177001 (2016).
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B RE DN FCBIEEIREE RIRE TH B (9], /\— T RART—E®IE. WREHOMEREZFRL T
%, INETICABMBOBRRNSERNIGANONTERD . BEEICOVWTREYMEN DS, FIAIE. &
THRRREVIVAVIEESRBICBERZSLEFH—DREY. ERFICI0EDPAPPtZ 11 EDAUICEERZS
BFH—DEAZDT. REFRDEFHIIFRET 5. COKGERTH] =327T)VZF U HNRNZTEH IR
TE%, FIZIFCaAuBiTH %,

2018 FE6 B IR B E LS EIERES CRME L fzJ-Physics 2018: Summer School —~Multipoles and Supercon
ductivity— Cl&Philip Brydon|Z “Pairing of J = 3/2 fermions in cubic superconductor” &RE Y HEFER% HFEL
LTz BICKBE | =327 TIVZAVICEBREMIE/N—T RA AT —BEICROEDTIFEL, BRREO,
T, On DWITNDNCB T AMEICHIFHA4EMERLIZT /N FTRELHRREMNH B ENDTETHT[91,

BE=0RIE. /X1 O7O7EEDEEAYPrIRO; (ZfEEFd-3m, OY, #227) THB, TIIVT7 V=D K
ICBEWVWTQBTHFREL. CD/NY FIEIr SdBEICHR T 5] =3/2/\V FICLBDDTHBHEEZISN TS
[10]. 2OLEWEA0 DHRIEEALICK > TRANICHEEINTEY., tho/\rO7/O7B{tERGE->TE
BTHBHTE. 100 MKETHANIBRFOMFEEREGWVWTE, ZNICEEHS5T50 KT TCEARGERR—IV
MRETT L EOICEBIB TCOERROR—IVIRZERIGHE BOTHBWVIETHS, INLIEAEYD
HAZIKFICEDEDTHAHEENTVLB[11], T, J-PhysicsOEETEWVEZS L. /\/O7O7HBIE(IC
Blrsall-in-all ot DALV EEZ LB FRATHLMI/\BFHEEN. COMK/\BFZECTETVDR
SRHAEA EVECHID. BRIB T ICKAREMERAE VBT ERCHRREFICE TS (ALERMEZRT) DT,
SERAMERREE FIRRICE B R—ILIRH/IRNDZEWDITETH D, EBMFOEREZRAWNDE EOLDEMHEDH
BHFENDDHODBHEICDDZHTH B, EC /I\AA7O7BRIMICENT| =3/27T)VZF VBN
L. BEEZTRI MO THBVD, SDECAH TDLOGHREIFE ., —H T QBTICERLIFEERERLE
DFLLIIEDREETNTLS[12],

ECUETIE j=327TIVZAVHBRENZ3DDOMBREBER LTz, TeTldj. = £3/27 IV R v ML
R L CERBEREDNIRN., YPBITIE] =327 T)IV2F > DY —/I\—[{EmOER I Nz, TleIrBbiic
BWTH|=32T7T)VIAVHERIEEZEO>TWEEEZIOBNS, INSOMEZEHMIICLTpEFHR P
BFRICBIB] 7TV IAVERRLTOERV, FICBNHERREO, T, 0n DVIT NI MBS
TBAERMRLTICT o/ N\ RZRTEVSDD RERMNGIHANATHA S, LTI, WO DIEFHEINEZ T

[10] T. Kondo et al. Nature Commun. 6, 10042 (2015).

[111Y. Machida, S. Nakatsuji, S. Onoda, T. Tayama, and T. Sakakibara, Nature 463, 210 (2010).

[12] B. Cheng, T. Ohtsuki, D. Chaudhuri, S. Nakatsuji, M. Lippmaa, and N. P. Armitage, Nature Commun. 8, 2097 (2017).
[131D. Q. Zhang, H. Q. Wang, J. W. Ruan, G. Yao, and H. J. Zhang, Phys. Rev. B 97, 195139 (2018).

[14] A. D. Styrkas, Inorganic Materials 39, 683 (2003).
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9, K1EBBLTIZLL, HgTe (ZCRIBEF-43m, o2, #216) & a-Sn (Fd-3m, O/, #227) ISHERMGHITH S,
FUFBEAVEY FHEIE HgTe TIEA A VEY MBEDCABZHIETeNREICTHEB LTS, M)
BEETIIWTV—DI AICAEMREBLIEM o/ N\ FOEET D NROIAHIVFEEE T, HgTe TldTe 5pii

EH. a-SNTIESn SpEEHj=3/2/N Y R EAEDTWB[13], a-SniE286.4 KLL £ DR E TB-Sn (ZE M &
141/amd, Dan'®, #141) ~EEBERFE T 5. B-SNH5S A -SN\DIFERFE I K> TERFEN 26.6% 3R T B DT, &R
HB-SNOFERAEBRLTE. BRHED a-SnIdAROROICEENTLES, InSb (ZEfEFF-43m, T&, #216) =f&
LT BEIYATRL0COKRTa-SNDEZREDEHR CEDLETBRXDHS([14], INShDEEDIEHR
D\ ERFEBRTHBIIH&DK (Fd-3m, O, #227) ZBL TSnIAmbDY, LHRED a-SNHEETE5L0, £
G TeBE#BDENTH B, FeInShEHBEHBMETH S, FHARTIN, Sn, ShETLATLBDT, FRINDL
NNV P EZR THBEQRTHEET Do £fc. TlclNTeLIIT N=TRA AT —BRICHLZHDIER
MBEDTFIET B, CaAuBIPYAUPbD/\> F5tHE%Z R 5L QBTOEFEL RTINS, FfcCaAuBilcHB LT 2D
CaZz—@DLIZDCTBEHA fcLi:AgBi& Li:AuBi (ZEEBEF-43m, T, #216) £CaAuBiEFEFEELGAHDT
Bi 6pHMEDj=3/2/\ RO ERFTES,

—A T BVERSBEWMIERICEWT =327TIVEF VHRIETEHELNGEL, /\1O7O7 8t
PrInO/ BN ZDHITH S, TOXOGRENNERROERMK CHS, CUOELERREMGNLTRREE

TERL,

a-sni

On Ta

diamond

zincblende

half Heusler

a-5n GaSb InAs CBNJBI

LS e
A S TN AN T
InSb HgTe YPdBi  YAWwPb |  LizAuBi

B1.j=327 TV F VICLBEBFEECBEEN AR CESMER., VITNE, 24 VEY FBEDSIRE LTIBETH D, TUILT
V=D RUCHBWTAERER LT/ FHATEE L. Quadratic band touching (QBT) ZR L TW 5, /\> ROEE. aflowlib.orglc &K%,

Tt 7% fig 5
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Eie Yt WE BB

REAFEFHAER EE - FHPEFER

FRTIE HADINETIATOCEHARNNICEDE SBFHRFROUEICDOVTREFHLE T, FicE/ U
TAEBFHFICERE L BEHBE T ZLEPEBINEIC OV TN DD, SEOIRCDOVTHRNT:
WERWET,
TERDOEEABEBFRODFICE VT HBEBFRERENGTIRSIBEVDEZLRENRELT B—F (b
LOBBOEFICLOTHERENEZBFZRIITO>TEX L, I, BR - BREBTFE— A2 ME XD
DICEREINET[2],

FATHZE ClE. RFHAOE—/N\UT1ZF o> BB IUEBRENS BN T DZBFE— AV FDHHE
MINTEE LI, —A EFOREICKY, [F/N)T7] DZBFERHEDFEELZ DRELEHHTHIEIC
FEOEFO>TVET 3],

FN)TASBFHRFOBNEBRMBEL T AFFEENTVSDH, LWh DB REFRED RN
fz% (locally non-centrosymmetric system) C9, HlIELTR 1 ICI T YT EICH 175 RENHFEZRLE
T, B (@ISRLEIY TS THITERBEICL > TROONe. ZDDRIBFEHEZRHE T, EIEF
BIIRELEGVEEAD, BITFEZR LBASWMMENMREINTWSOHIC. REEDREXTMED R
NTVEY,

ZDEE, BIRFTEICRBIGE/NU T4 ZBFHKRF. AIZTHEIHEFIR 1 (b.)]H5WIEEEHKE (K 1
(CID|ENTIREEIL, WHERIEERS G, AHLED BRI (=—#K7%) BEl ELTR-DIFSNSS
EDPDNE T, CTICBARSATHEE BREBEEF (K1 (b.2)] HBNIEEIIEF [ 1 (c.2)] BHERENT
BY INDREATRICHKFELTVET, o —RY VT IVGEEB/N) T4 2B FOREBHKRE L. BT
ReEIchi>THF/NNVTAEBFEERLE T, TOKD7E BUREH S WIEEET A MIIED > 2@ T
(FLERENZEBF) OERIE. ZBTFOMBOEEZREILIT2LDEMFEINE T 4], FICHERDZIBT
BMERANIIARRGEEDOBRITEEDICRENTVBDITHL, F/N\ T4 SBFHF ICHEZ BN REL
SIEDENISZ L DIBERICTFET 2. TOBRBMEIILEICTEETZEDEEZISNET,

[11H. Watanabe and Y. Yanase, arXiv:1805.10828; H. Watanabe and Y. Yanase, Phys. Rev. B 96, 064432 (2017).
[2] Y. Kuramoto et al., J. Phys. Soc. Japan 78, 072001 (2009); P. Santini et al., Rev. Mod. Phys. 81, 807 (2009).

BIFIZIE, #B5E [RERIC K 2 ZBFDRFEDER ] (J-Physics —a1—XL%—,Vol.2).
[4] B [Z2BF DB L INH S (J-Physics Za1—RXL%2—,Vol.2).
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— RIS, RESHFRMEDINERICEWNTE NI T DNICE > TET Ry EVT EAEVEEREER
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Magnetotransport in strongly correlated
non-centrosymmetric f-electron materials

Robert Peters
mEAL

Materials which combine strong correlations with
strong spin-orbit interaction (SOI) are a recent
subject of intensive studies [1]. Although this topic
has fascinating applications in quantum computing
and spintronics, it is still less explored, and certainly
not well understood at all. On the one hand, strongly
correlated materials exhibit some of the most
intriguing phenomena in condensed matter physics,
such as magnetism and unconventional
superconductivity. On the other hand, SOl is a
relativistic effect, which couples the orbital angular
momentum and the electron spin, and is usually
considered a small perturbation in solids. However,
in heavy elements, SOI can become relevant and
has striking qualitative effects.

Furthermore, in materials without inversion
symmetry, the coupling between spin and
momentum of the electrons becomes odd in the
electron’s momentum, and the Rashba interaction
arises. Due to the Rashba interaction, unique and
remarkable transport phenomena can be observed,
such as the magneto-electric effect, which makes it
possible to manipulate the spin-polarization by
electric currents [2].

Thus, non-centrosymmetric f-electron materials,

such as CeRhSis, CelrSis, CeCoGes, CelrGes, and

CePtsSi, which lack inversion symmetry and are
strongly correlated due to partially filled f-electron
bands, are materials which make it possible to study
the combination of the Rashba interaction and
strong correlations. These materials are at the focus
of this research project which tries to explore novel
phenomena in non-centrosymmetric strongly
correlated f-electron materials.

A recent example is the impact of correlations on
the magneto-electric effect. It became apparent that
the magneto-electric effect is small in weakly-
correlated semiconductors, but might be enhanced
due to strong correlations [3, 4].

In numerical calculations based on dynamical
mean field theory, we have demonstrated that
correlation effects can indeed strongly enhance the
magneto-electric effect. Particularly, we have
observed a strong enhancement of the Edelstein
effect in f-electron systems close to the coherence
temperature, where the f electrons change their
character from localized to itinerant (Fig. 1). The
reason for the enhancement is the absence of
cancellation effects at this temperature. While at
very low temperatures the Fermi surface exhibits
spin polarizations in different directions (Fig. 2), the

conduction electrons are polarized only in a single

[
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direction above the coherence temperature. The
conduction electrons are thereby polarized by
spin-scattering between localized f electrons and
conduction electrons involving the Rashba spin-orbit
interaction. Due to the absence of electrons with
opposite spin polarization, the magneto-electric
effect becomes large [4]. However, the enhancement
of the magneto-electric effect due to the Kondo
effect is not the only interesting effect which occurs
in these materials. Due to the Rashba interaction,
the spin scattering between conduction electrons
and f-electrons becomes anisotropic. It is known that
anisotropic exchange leads to a two-stage Kondo
screening in magnetic impurities; a part of the
magnetic moment remains after the first screening
and might be observable down to very low
temperatures, where the second stage of the Kondo
effect occurs. Up to now, it is not well understood
whether and how such a two-stage Kondo screening
manifests itself in non-centrosymmetric f-electron
systems, how it can be experimentally observed for
example in transport measurements, and how it

affects magnetic ordering. These are current
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Figure 1: Enhancement of the magneto-electric effect, Yyx/ O xx
(Induced spin polarization in y-direction by current in x-direction),
due to electron correlations, U.

questions of my research.

Another interesting aspect of non-centrosymmetric
f-electron systems is the magnetically ordered
phase. The presence of the Rashba interaction in
magnetic materials leads to the emergence of the
Dzyaloshinskii-Moriya interaction, an interaction
which leads to a twist between the ordered magnetic
moments. This can result in chiral magnetic states
and the formation of magnetic skyrmion lattices.

Furthermore, the competition between magnetic
order and the Kondo effect, which can be often
found in f-electron materials, leads to a quantum
critical point and to novel phenomena such as
unconventional superconductivity close to the
guantum critical point.

Very interesting in this context are compounds like
CeRhSis. Exchanging Rh and Si by other elements,
the interplay between the Kondo effect and magnetic
order can be tuned. It is thus a very exciting topic to
theoretically analyze the competition of the Kondo
effect and magnetic order in non-centrosymmetric
f-electron materials, where the Rashba interaction

creates novel phenomena.

Figure 2 . Spin-polarized Fermi surface at very low temperature.
The arrows correspond to the direction of the spin polarization of
the Fermi surface.
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In a crystal with time reversal symmetry, breaking
or lack of space inversion symmetry in general the
energy bands split, otherwise spin-degenerate
electronic states are formed. The strength of this
splitting is primarily governed by the antisymmetric
spin orbit coupling. The spin splitting has been
explored in several itinerant, albeit uncorrelated
electron systems by de Haas-van Alphen effect [1,2].
However, such a scenario in uranium systems is
scarce. We have observed the spin split Fermi
surfaces in the non-centrosymmetric compound
UsNisSna [3].

UsNisSnq crystallizes in a cubic non-centrosymmetric
space group (IZ 3d,T§). The Sommerfeld coefficient
derived from the low temperature specific heat
capacity is 95 mJ/mol-U K2, classifying UsNisSns as a
moderate heavy fermion system [4-8]. UsNisSn4
does not exhibit a magnetic order or superconductivity
down to 130 mK, but is most likely located to the
proximity of antiferromagnetic order. Single crystals

of UsNisSns grown in the actinide laboratory located

at Oarai by the Bridgman method shows a large
residual resistivity ratio (~300) and low residual
resistivity (1.3 pQ.cm). The good quality of the
crystals enabled us to probe the Fermi surface
properties of UsNisSns by the de Haas-van Alphen
(dHVA) effect. The origin of dHVA effect is the
quantized orbital motion of conduction electrons in
magnetic field. However, scattering processes due
to defects and broadening of Landau levels at finite
temperatures often limit the appearance of the
quantum oscillations, hence growing a good quality
single crystal is the first and one of the most crucial
task to explore the Fermi surface properties by the
dHVA effect. Additionally, the paramagnetic nature
of UsNisSna simplifies the analysis of the dHVA
oscillations as Fermi surface of a magnetic system is
more complicated due to zone folding imposed by
the magnetic ordering.

The frequency of dHVA oscillations (F) is related to
the extremal cross-section area of the Fermi surface

(S) by the Onsager’ s relation F=%S. This enables

[11T. Kawai, et al., J. Phys. Soc. Jpn. 82, 113705 (2008).

[2] A.Nakamura, et al,, J. Phys. Soc. Jpn. 82, 113705 (2013).
[31 A. Maurya, et al., J. Phys. Soc. Jpn. 87, 4044703 (2018).
[4] T. Endstra, et al., J. Magn. Magn. Mater. 89, L273 (1990).
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Figure 1 (a) Experimental and (b) theoretical angle dependence of dHVA frequencies in UsNisSna. (c) Calculated Fermi surfaces of UsNisSna.

Cyclotron orbits contributing to the dHVA effect are also shown.

one to map the three dimensional topology of Fermi
surfaces by measuring angle dependence of dHVA
frequencies. However, location of the Fermi surface
pockets in the Brillouin zone and their character
(electron or hole) is established only after combining
the results from theoretical electronic structure
calculations. Prof. Harima’s band structure
calculations for UsNizSn4 utilizing local density
approximation (LDA) and considering U-5f electrons
as itinerant reveals 12 bands crossing the Fermi
energy (see Fig. 1(c) for the associated Fermi
surfaces). The multitude of the Fermi surfaces in
UsNisSns is due to the splitting of the bands by

antisymmetric spin orbit coupling introduced by the

absence of an inversion center in UsNisSns. The
angular dependence of dHVA frequencies is a
characteristic of many closed Fermi surfaces with
nearly spherical shape, consistent with the band
structure calculations. From Fig. 1(a) and 1(b), one
can readily observe that there is a good agreement
between the theory and the experiment. Some of the
frequencies predicted by the band structure
calculations are not detected possibly because of
their heavy cyclotron mass. The cyclotron effective
masses, mc* vary between 7-35 mo, which are
enhanced by a factor of 1-6 times that of the band
masses. Here, mo is the rest mass of an electron.

This enhancement of cyclotron effective mass is

[5] T. Takabatake, et al., J. Phys. Soc. Jpn. 59, 4412 (1990).
[6] T. Takabatake, et al., Physica B 165-166, 437 (1990).

[7] L. Shlyk, et al., J. Phys.: Condens. Matter 11, 3525 (1999).
[8] L. Shlyk, et al., Physica B 292, 89 (2000).
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consistent with the increased Sommerfeld coefficient
(95 mJ/U-mol.K?) observed in the low temperature
heat capacity. According to the LDA band
calculations, the density of states near the Fermi
surface is mainly contributed by the U-5f electrons.

On comparing the angle dependence of the
experimental dHVA frequencies to the calculated
ones with the band structure calculations, one can
clearly identify spin split Fermi surfaces, namely (q,
a ), (B, B ), and (5, &' ). The largest pair of spin split
Fermi surfaces (a, a’ ) exhibit magnetic breakdown
effect evident from the appearance of multiple peaks
in the dHVA spectrum in the high frequency regime.
The magnitude of the splitting energy (Ag) is related

to the difference in dHVA frequencies of spin split

he
mic

branches (AF) by Ae= —= AF.

In UsNisSns, we estimate the splitting energies to be
23 K and 24 K for branches (a, o’ ) along <100>
and (9, &) along <110>, respectively using the
experimentally observed AF and the cyclotron
effective masses. Note that Ae is inversely
proportional to the effective mass. By using the
effective masses derived from the band structure
calculations, corresponding Ae¢ values of 100 K and
68 K are obtained. These values are noticeably
smaller than those reported previously for other
compounds [1, 2]. This is most likely due to the
heavy quasiparticles and multiple 5f-bands crossing
the Fermi energy. Nevertheless, UsNisSn, is the first

instance when the spin splitting has been observed

S DWFFE AR

clearly in a 5f-electron system.

From the field dependence of the amplitude of
dHvVA oscillations, Dingle temperatures of 0.1 K is
deduced, which correspond to mean free paths up
to 1950 A, further indicating a good quality of the
UsNisSns single crystal.

I would like to thank J-Physics for supporting my

stay in Japan to complete this work.
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June 24 sun) ~ June 27 wed,)

Summer School
—Multipoles and Superconductivity—

Summer School Lecturers

Taka-hisa Arima (Tokyo, Japan)

Philip Brydon (Otago, NZ)
Benoit Fa thlé (ESPCI Paris, France)

Alexandre Pourret

llya Sheikin

(CEA Grenoble, France)
(CNRS Grenoble, France)

(ETH Zirich, Switzerland)

Morgan Trassin

Organizers

Summer School
K. Kobayashi president
A. Nakamura wice president)
C.Tabata (Vice President)
H. Funashima, J. Ishizuka, T. Kubo,
Y. Tobita, Y. Yanagi
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pA= A
T. Arima : Non-reciprocal Flows of Quantum
Particlesinduced by Ferroic Order of Odd-Parity
Multipoles

P. Brydon : Superconductivity with strong spin-
orbit coupling

B. Fauqué : Electronic grounds states in low
carrier metals : the case of semi-metals
A. Pourret : Fermi surface instabilities in
correlated electron systems

I. Sheikin : Measurements of physical properties
of strongly correlated electron systems under
high magnetic fields

M. Trassin: Probing ferroic thin films using non

linear optics
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