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Conference report on
J-Physics workshop in Hacimantai.
Discussing physics in the Onsen.

llya Sheikin

Although | have already been many times in
Japan, from Hokkaido to Okinawa, this was my first
time in Iwate prefecture. | arrived in Morioka one
day before the workshop, which allowed me to
taste the famous Morioka Reimen.

On Sunday, | took the first shuttle bus from the
university campus. After about one hour drive
through picturesque landscapes, we arrived at our
destination, the Hachimantai Royal Hotel, located
rather high in the mountains and surrounded by
forests. With wonderful views all around, this was a
perfect location for the workshop.

Almost all the participants, more than a hundred,
were staying at the same hotel allowing for a lot of
time for discussions not only during the coffee
breaks. And, in my opinion, the best place for
discussions was the Onsen. Yes, there was an
Onsen there, a hot spring bath, located in the
basement of the hotel. | was going there two times
a day, before breakfast and after dinner. The
Onsen was almost empty in the morning, but quite
crowded with participants in the evening. There
were so many participants there, that it would have
been possible to organize evening Onsen sessions
within the workshop. Discussing recent results,
future plans and starting new collaborations in such
a relaxing atmosphere — what can better! This was
also an almost unique opportunity to discuss with
the workshop organizers, who were very busy

otherwise.

LNCMI-EMFL, CNRS, UGA, Grenoble, France, senior researcher

| really enjoyed the excursion to the top of the
Hachimantai Mountain and Yakebashiri lava flow. During
the bus drive, | spotted several open air hot springs and
could even see people enjoying these Onsens. | wanted
to jump out of the bus and to stay there for a few days. |
will certainly come back there one day.

Another wonderful surprise were crabs, which
were served for dinner every evening. Very tasty,
they were, however, different from those | tried in
Sapporo last year, when | had a chance to
participate in the local J-Physics meeting.

One day, we experienced a small earthquake, which
woke me up at about 5 0’ clock in the morning. This
was certainly an interesting experience, especially for
those foreign participants who came to Japan for the
first time. | still wonder how the organizers managed
to organize this event.

All in all, the workshop was certainly a success.
These were five really enjoyable days, and | use

this opportunity to thank personally all the

workshop organizers.
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My memories and impressions from the
J-Physics workshop in HACHIMANTALI

Yogesh Singh

| was delighted to receive from Prof. H. Harima
and Prof. K. Ishida an invitation to the J-Physics
workshop that was to be held at HACHIMANTAI,
Morioka in the lwate prefecture of Japan, between
24" to 28" Sept. 2017. | had never been to Japan and
had always heard great things about the place as well
as the people. The topics of the meeting were also
quite interesting and the venue sounded quite exotic.
So | was eager not to miss this opportunity.

There were other personal reasons to visit Japan.
As a PhD student | had started my research in
1998 working on the Kondo effect, a phenomenon
coined after a great Japanese theoretician, and
now as a professor my research focus is on spin
liquids in magnetically frustrated materials including
materials with the Kagome lattice. It is famously
known that the word ‘Kagome’ originates from the
pattern found in Japanese baskets. Thus | always
had been fascinated by Japanese science and so |
didn’ t think twice before accepting the invitation.

| arrived on the evening of 24" Sept., a Sunday,
just in time for the get-together party. | met some
old friends and made some new ones including
people whose work | had been following but whom
| had never had the good fortune of meeting. The
party was a great informal start before the
academic part of the meeting the next day. | must
mention that Kenji Ishida’ s instructions on how to
get to workshop venue, the Hachimantai Royal

hotel in Morioka, were spot on.

%
wp
=
2

Associate Professor, Department of Physics, Indian Institute of Science Education and Research, Mohali, India.

Next morning the academic program started with
Prof. Harima’ s opening remarks in which, among
other things, he explained the title “J-Physics” to
mean multipole physics. So my earlier impression
that J had to stand for Japan or Japanese was
proven wrong.

My talk was in the first session. | gave an
overview of the current status on the Kitaev
honeycomb lattice iridates AxlrOs (A = Na, Li). My
talk ended with a fruitful exchange with Prof. Mike
Norman from Argonne National Lab and
subsequent discussion with Prof. Y. Motome from
the University of Tokyo. Prof. Norman raised the
issue of whether Kitaev physics was needed at all
to describe the magnetic excitations in Az2lrOs and
related materials like a-RuCls. Excitations in these
materials are highly unconventional with spin-wave
like features at low energies and diffuse quasi-
continuous features at high energies.

In my opinion, the question about the relevance of
Kitaev physics for the iridates is far from being
settled and should keep the community occupied in
the near future.

The workshop was conducted in a relaxed manner
and there was a healthy mixture of young as well
as experienced speakers in all sessions, which was
great. There were also lots of young researchers,
students, and postdocs in the audience. Many of
them put up posters on new, exciting, and current

topics.



The afternoon session on URuU:Si: was chaired by
Prof. John Mydosh who is an inspiration for his
longevity in the field.

The next day, after two exciting sessions on
superconductivity, a group photo was clicked after
which the participants were taken on an excursion
which included a nice trek up Mt. Hachimantai
followed by a visit to the Yakebashiri lava flow. On
the bus ride we also saw an area which used to be
a Sulphur mining site. Sulphur fumes could be
seen emerging from the ground at several places.
It was also amazing to see that the lava flow site
has been preserved quite nicely and made a
heritage spot. | enjoyed the excursion very much.
The excursion was followed by a relaxing banquet
dinner at the Shiki restaurant.

The next day had two very challenging (for me at
least) but exciting sessions on “Parity Violation”
and “Multipole”. The great thing about the
conference venue was that it had a natural hot
spring in the basement. So the exhaustions of the
day could be forgotten by visiting the hot spring in
the evening. It was extremely relaxing and |
regretted not visiting it enough.

In the multipole session there was a theoretical
talk and later a poster on the possibility of
hexadecapole order in BaMn2As:. This interested

me particularly because | had shown previously

[1] Yogesh Singh et al., Phys. Rev. B 80, 100403 (2009).

that BaMn:As: should be a simple G-type
antiferromagnet [1]. | look forward to experimental
work trying to look for this multipole order in
BaMnzAs..

The next day (28'") the meeting concluded after
two sessions in the morning. The meeting concluded
with a closing ritual where we were introduced to
the “terminators” Prof. Nojima and Prof. Mizuguchi
who are called upon to terminate or close the
conference. This was quite funny and interesting.

| had a flight back home that same evening from
Narita airport. | had the opportunity to go to Tokyo
on the Shinkansen bullet train. It was everything
that | had heard about it and more.

| flew back the same evening with great memories

of Japanese hospitality and a rich culture, promising

myself that | should visit again sometime soon.

R EES

23



h-h FH T —2 > gy TS
-* / J—Phy51cs 2017: International Workshop on
Multipole Physics and Related Phenomena

hF R

EFARFETEE

EHEBEARICITEN, BFOOTEELTKITEFN
bR D R EFBEMT, JIE TitEkD
#HIDEZLEED, 2017 F9 A EFEHWMHED
BN CEEEESHD T EEoT. 9B 21
—24 B0, BEATDEFKFICT2017F
BAYEZEMERSDFMEE, 51EHENTIA 24
— 28 HOHAM, EFRILFEEBICIE T 5/\EFEH
ICCRERERTY— 73y TH RSNz, 4 B/
IChcdERT—723v T TIEEBFHERIUZNIC
BE 9 SERAHROMMEMRZEIC DOV, BERADEER
RUBHOMBERRE 12y ravicpELTY
075 LR L. BRI G SN, (BiE 1
50% ABEREX: 444 KRAZ—FH&K: 924
Bt 1364) \BETETO4BEICOESERER
T—023v TORBZ R LIRYR S,

9OB24H (HERH OF&BA4EKGHOART—7
Vav T RBEGOABEOAYILRTIVICT
registrationZ 8. BAASMEDZL|E ZDH
RRBZUACBAEBEZ SR TE. RETHS
EFAFLEHF vV INZADSFvr—2—N\RILTR
BAY LT, BADLDBMEDHRICEH BRHD
SRR CRAICHEBEL. EFKELSKF ¥ —
2—N\RXZFBTHEDRRIISNT. TDRIF
KR TIVER EBED” Sky Banquet Room” | TER
2O BARMEBZE RN SDFEREETOLRIES
[IEDERVNED, BREEIBMEDENZR
ZIFon. REIFLECTEGERPHEEIN L.
BALSDZERICAIFTCERDRVWRAZ—FTH
%, RKTlEHBN. EEFHANBFERDRITE
BLLTERRBDERA T ZR A RBEHBEIC

MREOFEZELIRMAY LI, welcome partyHh
BT IBRICEEESRRITRD DTV, B&
SERERACBMEDFREBRNAS. HED
FTHRSBMELEEL. EXRASTOLRMZ L
Gole, KEDBMELFUZICRNGENOREE
LTWBEHAMEBEZF2AEOEND —KICHLE
TN &R E—FHEETLING, ANBDYLEE
DUBXBRSICGHNDBMEELREZRDL. &

MO SEHLIERERLIETEEEEY, 1B E

BRTECCEITE e, DLZRIN AL X TIE
HofeH HAEKRMBA TS TIEDEUDRRAZ 1)L
Tofe,

98 25H (BEH)

EHAEREOHKRBREITIEICEIFFI 2 Y3
UFBRAZ—tyavEEG 2y avhT
b, FRIFIHFEAEY -BEEBEERIEVND
Ty avBTOBEREXRD A4HY. F2 T TN

ICEAT BERMZE. Ir, ReZEFNELTESAEFRD
LZEBHEF. STMICKSREAEFIRAICEI T BT
wEDEEINT, FRIBFIEEFHEERICET SO
BERE 4 FDM TNz, YbRh.SI,DEFEER SUREE
ICFEETSLEBRRRUCBT DM YbER—XE
LIcEEROEFERFMEICRET SRR, BRI,
SralrO. DRGSR % BRI CREE I SIS IRAE. [TD
WTHEKRDGEINT,

FRIFBRE. AZRTIRIFRIFONTERAZ—
tvyarvD—D2 ERESHFH HNTbnh. KX
R—FIDEBFRTCEMEDERZZRB/NESN T,

DRFDORELDEELESDRENMIZ S, T



M3 EFLEERICHEEEESETE

X1 HEROKT

K2 MEROKT
BFIFURWLSLDY 3> ELTINE TOERM
Z=Dreview, $FIChidden order(CBE Y ZIRIK, HiB
BiRZ R LTc, ISP M FEITEER. NMR
DEREDHZEICDONTEBN D BT,

98268 (ABEH)
ZOBHDOFHIGHTH IR BITEAICRET 5 4
HrOOERER. BHIETBCEEICET S 54DOE
RBEROTONT, FIFIE. UCoGe, URhGeZHILIT

UL EMDREMBEREDOHKREIBLARTHIR
FHICOWTERD EENT, BFIE EVETR
HBinE K CeColnsIINdE F—F LR DB A=
EER A, UBesDIET T )V I REM 5 IR S E LN
Celns. CeRhinsB U CePtaln, D E FER M. BEE
FMETIIVIEORTEDLERICBETEHREDN X
Tt EZEBEERDT — /NS
BFrVT  EOIIETEFELp EFDERD TR
IZH T B EMEEICRE T MBI BN EINT,
FRIDEER TR BIMELETYIV—T&RE.
BREEARBOBRERT (TVAH—3Y) &
EhELTco \EFEOKRKBAZSME ICTDHEERLT
BWEHSSMEBDORR. HBWVIEINETOR
MaLVROTWKEBEN DEELELTHS,




X5 NEBHEERERICT

A=Ay T4 —ELTE DD BREICEREL.
ZOHRHOSN\BEFILTEHAEME I — A EBEV RS
MERTE, AEFBCoeDIEKRIRICEENZTE
TH%B, LOXTUIEDLYP T LHEBIIDHTEF
ZHBTHEMELZ L IO LR T/\BFEL
BRHEDO MLy F27 - O—X T eby), BEIREIC
ANTEDIEKREGZRETTEHOfc. RIKICTZHDN
IOLEFR TCOHFMIIRZSEFZZENT 5, #iTT
FEED O COMBERFOIY TSV F—D
FRZMZBICHTIY., B 1 BREFTICEERITR
DTFREARICERLc, ZOBRICTILYyFVT -
I—AAADHBZILIEHETIRRELIEBEEDR 4 T
HB, TOH. AL VILRTIVTDITEELERIZ
KBERIF CTHofeh . WWEFHAICEZELEHL TV
feo TOIRRETILTEICHIETSE COR 4 ITRT
HEBEBEXETHD, BETITHEAHELOD, B
DOBLLWERRRESUE T 0°CliBSEE, 5Lk
BLOXBEALZEDERICLY, ILTEMHEIZBIC
KO THEEICREDNS, tEAFRRRBNRIET
HILTEICEO DR RUICKEBHEDLSENEH S,
WIEBOXKUSHITDAICEFTRARETHY, 2D
OI—REBIREICAN & THEVS ) EFFLTZDIE
IOLIEBERICHD, BMEBDARIEERDOERL
BO5N BEDTVRAA—Y3VDFHBTZOAD
K, LEVICEFENIEZRENDAE
ULGEASBNALTWETEEZRBWHLTW T
BTHA2, BREHNELTVWDEESTER ZTOKD
D=8 HE S, [Everything results from your
daily action!] (REEICEENZDIFE TITEMED
HBETHZ,

6 TELTWEWE
J\IEFER 175

M7 =ESORESEYEEREETFL

ExXOVsl

SHURBN &R T B, N\EFIE THABZRLI D
—DTIZE 1613 m, EERITBMEL 4 DD
IN=Ta—lRF. ZDMLYyF 2T I—REEEL
feo BEERICHERLITENT 21 O\ BT HER I
2OLEHRHEZ . BIN—T1—DEREEHE
FRICLTIEW:, (K5, 6) 2ORAZVTLHE
WEIFDORIED T, \IEFEORBAL NG ED
S5BMEDH RICIEHORE D N\EF %+ HEE
T RECHELRRZ RO TV W e, T D&,
IWIBZ#ICLTCE DB MREVEBERINE
INATED D e, ZDEP, DD TERFHZAEDER
‘L& LCTERZRO TOTAREILIL DR (T
CHENMDRBICL TV ) ZRTFICEH. T5
ICIEFZ BZE ICN\BTEORBEHBERIICLADH. K
BAICEFENCECAEROEXRASZHE BB
T EBRHOWKYRNSREZSME T2k
HOTIEW, BEEVBERNEZFREHOBEREICE]
HL. YHEEBITHARTTZEFILEZDEEFICILD
BILAGBRERZERLTEN. (B7) DX
Ry P TREARHDESIRIVF—EERE+7RL

TWEEWZETHAD, TITEMEDEEA
HEICLIEERIE. EFRESOEBOIA. B/
BARICKIEDINLZIHE T—EDW | DR TIDX
DITEEENTWS, (L &F )

" SBHEEDOINCANOTESIERL

SHEEDOUNIHBOMNENR”
100 YU LFIICEAR R2BLAWVRIEIC. &
MEBDHERICEDLENTW W, TE2&FTE
Lz EWSBmMEDOEZEICLIH. KEORM
BRTHREVBERERICLTREBICR W . ZOR



WKIETIVRA—Y3VDREEHPSHE L. KA
BRONVTY MR RTIVER ERETHEI N

98278 (KER)

ZOHDFHIRIHEIE NN T —HIEICBET 55
TroOEREKR. BFEZSBRFICBETS54DOHE
KENTONT BIF DN T4 —BIEICEET S
YAV TR IRTATIRFICHIRT2HELE
FHOBRME. ERNRUBLERICEITEX
EYBERE R SBIEEER RIS DR, Z2/M
REHRED G W EHRBELEE, MO EFv )

—ZRBINBLEE. EVEFRICBITIHMAE
HMBICOVWTHED EENTc, BFDZETF(C
B2ty ary TREEBURRE O ERISE.
FIN) T —SBFICRIT 2R, KBRS
ERTOE—REBFE. VXX —LBFHICLSD
[REEHEME AT L. BER—IVAHRICBIT 2E R
TICDOWVWTHBNAENT, e RBBEEAEMN:SND
ERICBITZEREER—IVIRERIVV AR

K8 RRAZ—tv 3 OF

KT 2RBmELEINT .

FHOFIEIG. KFEZDEDRAZ—tyay
(REBESBE) HMiTbnre, (K8) B¥IL #in
BHEREWVWSAHTI)—T54OOBRKRHTON
feo TRV TR FROVAIVIERETH S
N=TRARS—BULEMDBIEE. H1 )&
VIV FA MEEMDFRGZBFIRE. FeRBFHE
T8, ATV BREMEURNGe DA E DN E
F455%. NMRZE R WP, TLTe D ERELLFEN R
EBEEFMHICETAMEICOVTREEINT .

98 28H (RBEH)

RACEDFHT. FIFISERE-2-20RICBETS
AEOOERSK. BEEACEVHEREERIEWND
tyravAT5HOOERERNTON I, 5L<
RTWE, FrigiF Dt v 3> TlEYb31-2-20
BEVNEFILEWYbT.Zny (T =Fe, Co, Ry, Rh,
Os,INDAREVBAHMAE— XAV MEREWMH
Fa—=7, Pr&1-2-20Bc 54 DEZEF K. [
RITHTBOEEE— A MEREOFETEFHEDE]
. PrloAL (T=Ti, V) DEFERFAMLEEEEMEIC
B 2#EENMTDbN MLV TFEIREDLY Y3
VTRTAIVEEEOT)VIEmMROY —, BIR
BiS:RiBImEAR, AL/ N1 O/ O7 B CsW206D
HE# BEXTEFREBEBMEFADOAEY - X<
TA v AEVIRAEEICE T 2R/, R E
WEFRIEEMYDNISNnOBEABIKEAMHICDOWNT
EEN TN,

EEER TR ARERZK (RKE) HSAKMHARE
2DBIE GHOTITRAZ—EDEHEKREAN

R EES

27



28

8 RAA—tvI3aVDkF

Thifce RADHAHZEEBEDRBNIE. ASITHERN
BELDICERHINTWS, TELHLTEICHEDTL
fefeEfzLN,

4 BEIDOMERZ B TEMEDARITITZSBF
ICREE T ZRAROMEIC OVTIBRER. HEE
RESHEDBREICTOVTRCERRRL, ZMHIR
mae—EROTW Wl ETHAD,

BICHROEREZREN. IFHENZRVEKTD
PEDHIS] DILRTRKBARLMNEHSEFEIRE
ICEDNBMEDEITIE. FRTIEETFNGWL—
EEHNEEN. SV—BREEZRDONTEDTIE%E
WHEELHFLTWS, RILMB DFIFTH S [+
BDL, B DTIF EDR | EDEIRED Y RRD
FORMGEWIRADH] EVWSBEDA A—-TJED
WTWeh 7a—/Ublk, BRIEHDZELEGR
RICBWT RAZEZDEADFAADTLEL
KEDOMTABADNEHHT A FIIREKDR
BEDHOMEE L TIRASCENTESHL LA
nNEL, oo —HOBMEICITAEBRLTO LWL

4
>
=
e
>

e RDIERD B . FEEEZ®/RT LIS
NBZERNEZUEHRDEZLHDEREMLEDK
HEEARY MME—ETB, ZENEEZOGEZT
HEBkDEOS FHILOMEBDO 71T 7 HEHAREES
mELWFEHEHNGEL, BMEBOETAICEDST
ZOEVELFDEDBWENSZHITEE L THR
DIFSNTVNIEEFE>TWS, 25 LTIHIE (F+
BDLK) OAMOD L TEHI-Physics DR ZEESNE
LICEETCENEEZEDEYTH S,

BRRELT— XL 3HEDRH (TVXH—
2avOBEFRISE220E) . EFEAEER
ETBHM6.0 DHEHLHEE, ZRAEE 4ICERSIE
WTHoTze BEATESDTEZNIFEELLIZWLH
RETHZD MIEODIEVENSOEMEICED
TUIFETHERICESHEKETH o (5LLY), K
SKEHFEEINIERTIVE12BET, SR TR>
TWeBMEBICESDTIEINE THRD2ITEDKE
WRHIDIEN (KD EM) 2RS5TEHRLTzTE
THAD, BRICH<GV, ZOHDEA, MIEZTRE
BELIEZEDEVEIHOSDRA (SHEIKIN llya:
LNCMI Grenoble) Ic&> 7B BO—&. ®H o
LIFIc Ty &) TVRA—YavidEizibo
TWEWVWOL? (COMEBELIVDHELZED
7)1 EEDNETEIEBRCERICEITNELR
WHRICGYZ 2 THD, (BERDEIC. COFEEICE
WZ5TH5,)



I 5

RS
[EIEN5 7 )V AR E PEEZ M+ |

FR X

LA S D EF R TR

2018F1H15HAS17HD 3 HE. A EES
ERRFBZICEVTEZDONEAINE -T2 TR
FAELELT, SmEIE32TLT .

MR —SA (REAE) OFEE F/\) T2
FHODEF EBHIGE - B8] Tld. BaMn:As,
DAE VB E RS ERFELTIRZASE (REY
BEHIEADIPT VD) BEBELGEREZE (LT
5% BNV TR \BFHREELTIRASIE
T. BRBSMREPHRIEENRELE, BIFEINS
EFrEnz) MEPHEDF AL ATREICEDTEN
MANSNEL[1], q=0 DR 3EREME# 855 k58
Bt EEZTEWF RO Z IS ZBFICHRL
FeEBEWIEEABRENTWSABEENHIE T,

ABABAREA (REBARZF) OFE [F/\) 714k
SRR SR FIREEICH T B FFLORBITE ) Tl Jer =
172w MEBASHI0.D R IRBL IR AR Z R Z il F
ELTRAEBE Y TE T, Y ORIE CHRBIGEFFLOIKEE
HHEIRT B ENERNITTRINE LI [2],

BARBATA B OFEEVSA2—ZBF
EEROISA] TlE. MnsSnD RARREM IR FIREEIC S
REER—IVHRERFICL T, EROBSE— 4
VA EODHBETHLERR—IVIRIECD MG
DERINE LI, MnsSNDFE R HREITHNT
&, 6REVY DS ETTAZ—DREHMER > EL
5 (& \RBF) D, s8R E B (B NAER
F) DBELRACHIREICE TS (ACERESE
RY) DT, EHEMIREESRRRICEER—ILHRD

6L

Wnscep@EmEINE LI, RERIC. REINO/ICEH
ITBEER—IVHRE, \rO/aO7#@&EICHIT5
all-in-all-out DA > Ee5 = B F R T 5 EWS
TEFHNEENDZTELNSEBETERTENTREN
F LT, lall-in-all-out& WS RV TIE A E B IE
DHIPTOD EQLSGHMPHEDHEIRTS
DMERHDVEEN, BB FOEEZAVDE L
DEIFEIHEDNFENZDHLBRICO DS EWLD
BERRHLSDIOXY MHHY, J-PhysicsOBIET
IE% KVBRRRICER T AT ENTERL L, (WE
ESEEDNESTIH.)

HKREREA (BREFHAEREREEE) OFEE
(REV1/20 5 R 2 —DIEZBF LI FO/EIE
AIBEDN ] Tld. Th:GasOn CE A T N B85 TR
HEDDER—)LFHRICDOWVT, ThD IR F %1%
NLIeT74/ V- AEEEERICLSERDMBNE
NE Lz, RIAME TN BasCuSb,00DE KR — I
BRICOVWTHEREINE LT

AKEEBTA BHBEIEXRT) OFERFLE
INZHLEEMAEICES T H—8F 5 VM SRS
F1 Tl FZ)VEERBIEZ S DYbNizALICEH TS
AAZIVY ) b2 i&F O E R & [3] DyNisGas P
ErNisGaol &7 2 BRFAHME DRERIC DLV TDIR
KEREDDIE LTz,

FRIE—EETA (BXAF) OFER MERFL
Chirality : BEMEEHDRRD S 1F AAZ T4 D
EEDEENSIEE. CrNbsSelcHF5H1ZILY

[1] H. Watanabe and Y. Yanase, Phys. Rev. B 96, 064432 (2017).

[2] S. Sumita, T. Nomoto, and Y. Yanase, Phys. Rev. Lett. 119, 027001 (2017).

[3]1 T. Matsumura et al. J. Phys. Soc. Jpn. 86, 124702 (2017).

PR MRAE

29



b URRFOERNTA SRICKSEZBRERD
IN. FINICEZEBBEFEMEICLSEHEAIC
ELEEINZADHAHEDTLIC [4], oo ZHDR

— (REY) Z#vO7—7 BV EEEEE
F) TUFNTDIEWIEEAA T IV R DIRR & R
L. ESICAMA—D—RICEYZ DTS (I BB
ZEHINNY %) TETHAZIVY IR URRFHEMREIN
ARTFEREINE L. BFEVDRBEICEER
RSN ENMBPENT T,

FIERERITEA (BRRAF) DFHEE [CsCuCDR
K[FEZIVZEBM] TE F ) VBMEARCSCuChDiE
Bim FICB I AMAF oIV _BEHL AFRESR
EFRERICBVTHERT 2LV RELHHERHNR
ThEL[5]

EREFETA FILKE) OFE BRI
MEICHITEAFRBRENFEOEIL] TE EA

HRRETBCGCUCLICBWVWTAFREEFZRDESR
DIEV DT DAREICIE e EDmENT L (6],
BHLGDSBRATREMEEIESILT, b

BREFIIVERERESE. TO—DO% AR
TWOKWERRERTARELT S MHELTLBM
iz S B T Iy Bl FTHRELEIT TR
BRIIELEWVWEDITTSELE, @wXICTIEEEHE
NTWEWAREGEFHAHOIE LT,

REMAIEA (KEK) OFEE (145 VEIEEDLE
ISEXAREREL IC KD EVAI T3, FeGell BT 2HI%
ICEBNUAIVED DA FIVZF VHENDEBDER
BR. CINbsSslTHB T2 A1 ZIVY ) b F DS
ICEBTDFZEEHNRENE LI

FREGATA RRERAZ) [TIEEHEADSD
BRHEE (DA IVEEBEDTIVIVICEITBER
SR ZBEWLE L, AESEAEEZD




DTIVIVIEE I B ERHEH L NMRTIRZ 26D
TI7), BRTIE. BRFEHICICBIT 5B HN
ER|URWVWT I\ FDOREV BRI T RI70%
FEROEEEINE Lfce AEV DRI =+3/2 &),
=-320KR—IVRT Y EHEFEL. BKRE— AV D
ZEENAYIENTWVWADT, BRICE>T—FD
Ry bDEERMEZDHTE TV OBRMEDRE
TREVOTH GBI TOE LT,

s TA JuEEARST) DEE [UNiB, CeRhaSi,
CeRwAhoDER FHLAIE] Tl bOAZILEE
DHBHUNBRIF T BRUBFHFEREE
%CeRwALTEEMRBEMILO BRI NIEEND
RHORBRIRETNE LT,

FHIRREEA (KIRFFIZKE) OFRE [+ 2) 0
MOWEEEEE MMERERD R A S TIE
CrNbsSsIC BB AT IV ) AR FDORRICETF
BEMEEERHI R LIREIDFHRENE L (8],

REIEESA GRIKKE) OFE TIA5&F5IV
REREEMEAREUPtSID B KGR — VBT L KU
Tl REBEEEDENCEETSHABICE T 5%
EEELNREINE L .

BAKEA (RILKF) OFEHLE- VY
LMD FZ IV Tl SEABMZEE T 31
BMEICE T DF T IVEMEARDOTRERDOIRIKIC DN
THREDBVEL

WEBIATA (FAKT) OFE ZBTFO—E
L&A ZEABRIYIIE ) 1T DWNTE arXivi1712.02927 %
S2RLTEITFNEERNET 9],

Mgzt T A JLBEKRS) OFEE TUNBD®E
BimEE RS TlE. ERERLED S M TR Ces
ZAETHRBHOBETNE LI,

FLHTIE BERRD SSHERMNITEEHT
WERREE L TURU,Si> EUPtSi, BaMn,As,, MnsSnhVRE
. HEFZE, FISHEIC OV TUIFEDITELCER

ISHEEL TELWEWSEEDBNSNE LT,

[4] EARIB—ER. EMAYIE 53,1 (2018).

[5] N. Nakagawa et al. Phys. Rev. B 96, 121102(R) (2017).
[6] Y. Kousaka et al. Phys. Rev. Materials 1, 071402 (2017).
[7]
[8l
9

T. Furukawa, Y. Shimokawa, K. Kobayashi, and T. Itou, Nat. Commun. 8, 954 (2017).
Y. Togawa, Y. Kousaka, K. Inoue, and J. Kishine, J. Phys. Soc. Jpn. 85, 112001 (2016).
S. Hayami and H. Kusunose, J. Phys. Soc. Jpn. 87, 033709 (2018).



32

The Zurich—Kyoto connection

Doctoral student at ETH Zurich

Dominik Maximilian Juraschek

Prof. Youichi Yanase

Kyoto University Kyoto University

Prof. Keniji Ishida

Kazuaki Takasan
Kyoto University

| couldn’t believe my eyes, when in June |
received an invitation for a workshop by Prof.
Ishida, and | remember having to look at the
conference location twice ... Japan! | smiled at my
colleague Florian, who also had received an
invitation and thought “This is going to be great!” It
got even greater when we subsequently received
an invitation from Prof. Yanase, who offered us to
stay in Japan for two whole months with the
J-Physics program. What a great opportunity, had |
already spoken with one of his students,
Takasan-san, during a workshop in Switzerland last
year, in which we figured out to have overlapping

research interests!

So | found myself in in a Tokyo Hotel (one may
forgive me for that reference to a(n) (in)famous
German band) three months later, before heading
north to the scenic Iwate prefecture for the
workshop. | obtained the first few Japanese words
pretty quickly, with the help of booklet that | found
in a bar: “Sumimasen!”, | shyly tried to catch the
waiter’ s attention, wondering whether | had
pronounced it right. As | got a response right away,
| followed up more confidently, “Korewokudasai.” ,
and pointed my finger to a yellowish liquid with the
name Kirin.

B

The stay at the workshop in Hachimantai was
really pleasant. | learned a lot during the
discussions at the poster sessions, and | realized
that there are only few things better than relaxing in
an Onsen after a long and busy day of science. As |
am a big fan of hot springs anyway, the Onsen

immediately gathered a place in my heart.

So it was finally time to go to the destination,
where | would spend most of my days in Japan:
Kyoto. We were welcomed very warmly by Prof.
Yanase and the entire group and blown away by an
amazing welcome dinner. (I never imagined raw
egg would be this tasty.) Takasan-san and | picked
up the science discussions approximately where
we had finished them a year ago at the Swiss
workshop: How can we combine his analytical
theory with my ab-initio calculations? Floquet
theory yields the temporal analog to Bloch’s
theorem, and the phonons that | am working on are
a naturally time-dependent system. So the goal
was set: Find materials systems, in which Floquet
theory can describe effects arising from optical
phonon excitation. Another project idea arose
during a discussion with Prof. Ishida: We had
recently established that phonons generate

magnetic moments [1], which leads to interaction



with external magnetic fields an electron spins.
Now we anticipated that this would not only lead to
a usual spin-phonon, but also nuclear spin-phonon
interaction. So another goal was set: Calculate the
magnitude of this interaction and figure out whether

it is detectable or not.

While science was on during the weekdays, |
spent most the weekends discovering the area
around Kyoto and different regions and cities in
Japan. The leaves slowly approached their
beautiful autumn colors as my stay in Japan
continued, and together with the countless shrines
and temples that | visited, this evolved to one of the
most stunning fall sceneries that | have ever seen.
Also, these weeks were full of new discoveries for
me: For the first time | went swimming outdoors in
late October in the close-by Biwa lake, and | had to
remind myself that | was on the same geographical
latitude as Cyprus. For the first time | scaled part of
an actually working volcano during a trip to the very
southern Kagoshima. (Bonus: Even more hot

springs!)

| am glad that | have been given the opportunity to
come to Kyoto and | would like to thank everybody

who made my stay in Japan this memorable.

Besides meeting great people and making new
friends: The two initiated projects, the application of
Floquet theory to phonons with Prof. Yanase and
Takasan-san, and the nuclear spin-phonon
interaction with Prof. Ishida will accompany me as

part of my research in 2018.

[11 D. M. Juraschek, et. al,, Dynamical multiferroicity, Physical Review Materials 1,014401 (2017)
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Research visit at Kyoto University
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In the spring of this year, Prof. Yanase invited us
to spend time at Kyoto University to interact with
his research group, which we gladly accepted, on
the grounds that we wanted to explore the overlap
of our work on multipole physics. Dominik, a
colleague from my group at ETH Zurich in
Switzerland, and | spend the time from the end of
September 2017 to the end of November at Kyoto
University.

After arriving in Tokyo on a Saturday, which we
used to get rid of our jetlag, our stay started off with
the International Workshop on Multipole Physics
and Related Phenomena in Hachimantai. | was
invited to give a talk on my work on first-principles
calculations of magnetoelectric multipoles[1].
Magnetoelectric multipoles are second-order
odd-parity multipoles that are intricately related to
the magnetoelectric effect and occur as monopole,
toroidal moment and quadrupole in systems in
which both time-reversal and inversion symmetry is
broken. Using first-principles calculations, we can
directly compute and compare the magnitude of
multipoles in crystalline materials. In this talk, |
mainly introduced our recent work on multipoles in
metallic systems. It was interesting to see the wide
range of work that is being done in the research

area of “J-physics”, especially during the poster

] B 22 37

sessions. The excursion that was organized during
the workshop was a great way to experience the
landscape around the hotel, especially for an
outdoor enthusiast like me.

After the workshop on Hachimantai, we made our

way to Kyoto, where we were warmly welcomed by
two students from our host group, who showed us
to our accommodation for the coming months.
In the following week, we were introduced to the
students in the group and started discussing where
our mutual work overlaps and identified areas
where we could work together for a deeper
understand of what influences the magnitudes of
magnetoelectric multipoles. During my stay, |
worked with Hikaru Watanabe, a student in the
group, and started performing calculations based
on density functional theory (DFT) for the BaMn2Xa
(X=P, As, Bi) system[2]. This approach from a
first-principles side compliments Prof. Yanase’s
work using model Hamiltonians.

A mini-workshop was later organized at Kyoto
University with guests from Sendai and
Amsterdam, where | gave a talk in which |
expanded on the connection between microscopic
and macroscopic theories of multipoles. After the
workshop, the group organized a welcome dinner

for us, where we had sukiyaki for the first time.



At the end of October, | briefly had to get back to
Europe for a week, since | gave a talk at a
conference in Germany about the programming
aspects of my theoretical physics work.

Back in Japan, we continued our mutual

discussions and | carried out more DFT
calculations on the Fermi surfaces of the BaMn2X:
system. We also started discussions about
mechanisms of electrically induced switching of
magnetic moments in systems with symmetries that
allow the existence of odd-parity multipoles.
We patrticipated in all regular group activities, such
as group meetings, in which we discussed our
progress with all members of the group. The
regular lunch seminars, at which new papers were
presented by students, were new to me, but also
highly interesting, in that they exposed me to the
methods that are employed in Prof. Yanase’s
group.

During our time in Kyoto, | managed to get some
terrific early-morning photos of places | had visited
a year before. Wanting to explore more of Japan,
Dominik and | took a weekend trip to Kyushu,
visiting Fukuoka and Kagoshima. | couldn’t let the
opportunity pass by and took another weekend trip
into the Japanese Alps, visiting Takayama and

Kamikochi. Along the way during these trips, there

were ample opportunities to find interesting
third-wave coffee shops and sample a fine variety
of different brews.

At the end of our stay, the group organized a
farewell dinner for us, which was a wonderful
opportunity to connect with those students who did
not work on aspects closely related to my project
and say goodbye to our new friends.

I would like to thank Prof. Yanase for the hospitality
and fruitful scientific discussions during our stay at
Kyoto University. In my opinion, both sides of this
exchanges will profit from an increased

understanding of the intricacies of magnetoelectric

multipoles.

[1] F. Thole, M. Fechner, and N.A. Spaldin, Phys. Rev. B 93, 195167 (2016).

[2] H. Watanabe and Y. Yanase, Phys. Rev. B 96, 064432 (2017).
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CePt:Ins is a recently discovered heavy fermion
material belonging to the same family as the
well-studied isotropic Celns and the quasi-
two-dimensional CeRhiIns compounds. The spacing
between Ce-In planes in CePtzIn; is drastically
increased [1] as compared to CeRhlns, implying a
more two-dimensional crystal structure.

Similar to the other compounds of the family,
CePt:In; orders antiferromagnetically at ambient
pressure. The Neel temperature, initially 5.5 K, is

suppressed by pressure. A superconducting dome

emerges around a quantum critical point, at P. =
3.2 GPa [2], associated with the suppression of the
antiferromagnetic phase, whose magnetic structure
was unknown until very recently.

We determined the magnetic structure of CePtzIny
by single-crystal neutron diffraction. We found a
magnetic wave vector gu = (1/2,1/2,1/2), which is
temperature independent up to Tn = 5.5 K. A
staggered moment of 0.45(1)uB at 2 K resides on
the Ce ion. The nearest-neighbor moments
in the tetragonal basal plane are aligned
antiferromagnetically. The moments rotate by 90-
from one Celns plane to another along the ¢ axis
[Fig. 1].

The f electrons are known to be localized in
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CePtzIn; at ambient pressure [5]. However, whether
the f electrons delocalize under pressure is still an
open question. To address this important issue, a
new technique, based on a tunnel diode oscillator
(TDO) circuit and a Bridgman pressure cell, is
developed in order to measure quantum
oscillations in CePtzIn; around the critical pressure
Pc. The merging of these two techniques was
made at the Settai’ s lab (Niigata University) and
Aoki’ s lab (Tohoku University), whereas the
measurements are performed at the LNCMI,

Grenoble, France [FIG. 2].

[11T.Klimczuk et al,, J. Phys.: Condens. Matter 26 (2014) 402201 (5pp)
[2] V. A. Sidorov et al., Phys. Rev. B 88, 020503(R) (2013)

[3] M. Raba et al., Phys. Rev. B 95, 161102(R) (2017)

[4] H. Sakai et al., Phys. Rev. Lett. 112, 206401 (2014)

[5] K. Gotze et al, Phys. Rev. B 96, 075138 (2017)
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The high magnetic field facility in Grenoble was
first created back in 1971, when it was called
"Service National des Champs Magnétiques
Intenses" (National Service for High Magnetic
Fields). At that time, the available power was
only 5 MW, which was, however, sufficient to reach
fields to 15 T. In 1972, collaboration with the
Max-Plank-Institut fir Festkdrperforschung
(MPI-FKF) in Stuttgart started, and the power was
raised to 10 MW. This soon resulted in reaching 25
T in a 50 mm bore polyhelix coils. In such high
magnetic fields, Klaus von Klitzing discovered the
integer quantum Hall effect (in Grenoble in the
night of 4th to 5th February 1980), for which he was
awarded the Nobel Prize in Physics in 1985. In
1987, a new magnetic field world record (31.5 T in
50 mm) was reached in a hybrid magnet composed
of a superconducting coil providing 11 T,
surrounding a resistive magnet providing 20.5 T. In
1990-91, the available electric power of the facility
was more than doubled to reach 24 MW. In 1992
the partnership between MPI and CNRS evolved
into the creation of a common French-German
laboratory named the "Grenoble High Magnetic
Field Laboratory" (GHMFL), which existed until
2004. In 1997, the first 24 MW resistive magnet

became and then replaced the old hybrid system

that was remove please dismantled in 1998. In
2007, a new magnet with a 34 mm bore was put
into operation. Initially operational up to 32 T, it
progressed to 36 T within less than a decade. In
2009, the Laboratoire National des Champs
Magnétiques Intenses (LNCMI) was created,
gathering the efforts of the Toulouse laboratory in
pulsed magnetic fields and the Grenoble laboratory
in static magnetic fields. Finally, in 2015, the
European Magnetic Field Laboratory (EMFL) was
founded gathering together four major European
high field facilities: the LNCMI (Grenoble and
Toulouse), the Dresden High Magnetic Field
Laboratory (Germany), and the High Magnetic Field
Laboratory in Nijmegen (The Netherlands).

In 2017, a field of 36.5 T was reached in a 34 mm
diameter warm bore magnet at the LNCMI-
Grenoble. The unique “river” cooling available in
Grenoble permits to perform field plateaus for
unlimited time. In practice, plateaus of 4 to 7 hours
are often observed for long time spectroscopy
experiments, such as infrared spectroscopy and
NMR. Additionally, magnetic fieldsupto 31 T,20 T
and 10 T are available in 50 mm, 170 mm and 376
mm bore respectively. All these configurations will
be upgraded to reach higher fields when the new

24 MW hybrid magnet is available in 2019. In
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parallel, the LNCMI-Grenoble has started the
renewal of its power supply and related hydraulic
facility. During 2017, the hydraulic system was
upgraded to potentially cool a 36 MW magnet. As
the first step, 30 MW of electrical power should be
available in 2022 thanks to the installation of a new
transformer at the Grenoble site. In this framework,
new high field magnets are under design, taking
advantage of the development of “cold sprayed
materials” and full 3D modeling of high field

polyhelix magnets (Fig. 1).

Fig. 1 Top view of a polyhelix high field magnet developed at the
LNCMI.

Primary research activities of LNCMI-Grenoble
include semiconductors and nanophysics, strongly
correlated electron systems, molecular magnetism
and quantum spin systems, magneto-science, and
applied superconductivity. A number of
experimental techniques specially adopted for high
magnetic fields are available. These include optical

spectroscopy and magneto-optics in a wide range

Rk

of wave-length, thermodynamic property
measurements (susceptibility, magnetization,
specific heat, thermoelectric power, ultrasound
velocity, and magnetic torque), magnetotrasport
(resistivity and Hall effect), and magnetic
resonance (EPR and NMR). All the measurements
can be performed at low temperatures owing to the
available cryogenic facilities, such as a dilution
refrigerator, *He systems, “He cryostats, and
variable temperature inserts.

In the following, we will discuss in more details the
major techniques used for studding heavy fermion
materials in high magnetic fields in Grenoble. We
will also show recent results obtained in high fields
using these techniques.

Transport measurements, such as resistivity and
Hall effect, are among the most easiest to realize in
static high magnetic fields. The measurements are
carried out using standard four-point (six-point for
Hall effect) AC technique. These measurements
can be performed down to 30 mK, and the sample
can be rotated in-situ. Measurements under
pressure are also possible.

Resistivity measurements in high magnetic
fields allowed us to observe, for the first time,
Shubnikov-de Haas oscillations in the ferromagnetic
superconductor UCoGe, as shown in Fig. 2. The
oscillations are clearly visible above 22 T. For the
magnetic field applied along the b axis, a single

SdH frequency of 1 kT is observed in the fast
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Fig. 2. Fourier spectrum of the high-field Shubnikov-de Haas
oscillations (inset) in UCoGe for magnetic field applied along the
b axis at 40 mK.

Fourier transform spectrum. The frequency shows
a weak angle-dependence when the magnetic field
is rotated towards the c axis. This implies a small
almost isotropic pocket of the Fermi surface. The
corresponding effective mass is strongly enhanced,
about 25 bare electron masses. Both the SdH
frequency and the effective mass are found to be
field-dependent, as discussed in more details in [1].
Specific heat is a fundamental thermodynamic
guantity and directly linked to the entropy and free
energy of a correlated many-body system.
Thermodynamic measurements are particularly
powerful when a phase transition is difficult or
impossible to detect by other, simpler techniques.
In Grenoble, we use the so-called relaxation
technique for high field specific heat
measurements. The details of the technique are
described elsewhere [2]. In order to reduce the

addenda contribution, a commercial Cernox bare

chip is used simultaneously as sample platform,
heater, and thermometer. Four 25 ym or 50 ym
phosphor-bronze wires soldered onto the chip act
as mechanical support, thermal links, and electrical
leads (Fig. 3). As a result, specific heat of very
small samples can be measured with high precision
and resolution. For high field measurements, the
chip resistance and the thermal conductance of the
leads have to be carefully calibrated up to the
highest field of the measurements. Each relaxation
provides about 1000 data points over a
temperature interval of 30%-40% above the base
temperature, which can be varied between 1.3 and
30 K. Data can be recorded during both heating
and cooling, which allows us to resolve hysteresis
effects close to first-order transitions. An
experimental set-up for measurements down to *He

temperatures is currently under development.

We have recently performed specific heat

Fig. 3. Experimental set-up for specific heat measurements at
high magnetic fields.
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Fig. 4. Specific heat divided by temperature vs temperature for
CePtaln; at several values of the magnetic field (shown on the
right) applied along the c axis (a) and the a axis (b). The curves
are vertically offset by 2 J/K?mol for clarity. (c) Néel temperature
as a function of magnetic field applied along the a axis (red
symbols) and the ¢ axis (blue symbols). Lines are guides for the
eye only.

measurements on a single crystal of the
heavy-fermion compound CePt:In; in magnetic
fields up to 27 T. The high-quality single crystal with
the dimensions of 0.47x0.42x0.05 mm?® and a mass
of 80 pg used in our study was grown by the
In-self-flux method [3]. Figure 4 shows the specific
heat divided by temperature in magnetic fields
applied both along the c and a axis. The Néel
temperature is monotonically suppressed by
magnetic field applied along the c axis, as shown in
Fig. 4(a). When a field is applied parallel to the a
axis, the Néel temperature first increases at low
field up to about 10 T and then decreases
monotonically at a higher field, as can be seen in
Fig. 4(b). The magnetic phase diagram based on
specific heat measurements, shown in Fig. 4(c),

suggests that a field-induced quantum critical point

is likely to occur slightly below 60 T for both
principal orientations of the magnetic field, as
discussed in more details in [4].

Magnetic torque is very sensitive and useful for
detecting magnetic phase transitions and quantum
oscillations (de Haas-van Alphen effect)
measurements. In Grenoble, we use the capacitive
technique for torque measurements. In this
technique, a sample is mounted on a cantilever,
which represents also the upper plate of a
capacitor (Fig. 5). When a magnetic field is applied,
the torque acting on the sample bends the
cantilever and the capacitance varies. For a small
deformation of the cantilever, the capacitance
variation is proportional to the torque. Thus, the
measurements of the capacitance variation provide
a measure of the torque.

We have recently used magnetic torque

measurements to investigate a metamagnetic

Fig. 5. Experimental set-up for magnetic torque measurements at
high magnetic fields.
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Fig. 6. (a) Variation of the capacitance in torque measurements as
a function of magnetic field at several orientations close to the ¢
axis in Celrlns at T = 50 mK. (b) Field dependence of the magnetic
torque in Celrlns is shown around the field-induced
metamagnetic transition (indicated by arrows). The curves are
vertically shifted for clarity.

transition, which occurs in Celrins at about 28 T
applied along the c axis. In these measurements,
we were limited by about 10 degrees, where the
variation of the capacitance at 34 T reached almost
half of the zero field value for the cantilever we
used (Fig. 6 (a)). Figure 6 (b) shows torque as a
function of magnetic field for several orientations
around the c axis. The metamagnetic transition
(indicated by arrows) manifests itself as a distinct
kink. The transition occurs slightly below 28 T for
field along the ¢ axis and shifts to higher field with

increasing the angle. In addition, one can clearly

see a new low dHVA frequency that appears above
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Fig. 7. Spectra of the dHVA oscillations below (a) and above (b)
the metamagnetic transition in Celrlns with magnetic field
applied at 10 ° from the [001] direction. Note the absence of the
B frequency above the transition.

the transition even without subtracting the
background (Fig. 6 (b)). The corresponding
effective mass is strongly enhanced. As far as the
high dHVA frequencies are concerned, the only
significant modification above the transition is the
complete disappearance of the (8:-branch, as can
be seen in Fig. 7. Both the emergence of a new
small heavy pocket of the Fermi surface and a
complete disappearance of the highest dHVA
frequency above the transition suggest a
field-induced Lifshitz transition as the origin of the
metamagnetic transition in this compound, as

further discussed in [5].
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ATLBHN SEIDFBRIEZF v VETIERSE
NEABOBEEANSTENBNEDT, TNH
WOEETHEHEABEWN L, £z NMROZEMRIE
[ZAGEVEHB TEYIESHERATNZDH
ERDODNZHELNGEVD. EBDRENREE R
LTRMBICRFELZE RCEBD/N\ILY BiE&
ARHCHENESEEIX1/40BELRFEESNS, 5
EREDBVEDTHNIEEERKRANTE
NMR/NQR{ESDERIIZFIRETH 5.

X 1(b)lc B i & (bulk) &SERE(Im) SR TI/ES N
In(1). In2Q) 1 FDNQRIEE %~ J [5], CeColnslT
WEE1@ISRT KD IcHERFNICIEFMmZ2Y A+
DINHFET %, BEAHDES IFBEERZFAICL
NDOGYIRIELGOTHY., BHAEDAHEHLKE
WZ e bh B, RERDOF SEREFAB TIIERES
HORFEHDEWVICKIRETOTHEZT5E
DDELGEBICONBIERFAREFRCERFERICRE



(a) b
I_rﬁl) Ce( )
In(2)
Co
C
5

1 (a)CeColns DE RAEE. KENIEBIZAEL D &A= T

Expectation  Bulk CeColns
(©) (@ b=0461 nm)

CO0TEEE"
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00000000
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&
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o
o

& [0j000R0QQ.
I oM
o =

Substrate : MgF, (a,
Expected NQR spectrum

462 nm)

[ )

Film bulk
signal signal

frequency [MHz]

T (b) B (bulk) &SFREAIM)EARHTE T BIn(1) (7£) &£ InR) () DNQRES

(£7/20F9/2058%) . FImDEZ3REIZ60FICHAR LTz, (O FEER O REREDFEX & F8 L TOISERFAHDNQRIES

Y. B1(QICR LR D GIERHAIESHEONDE
DEFRLTW e, LHALERICERBINESIE
SRR AR ML TIH o fo, BESRORFER
EEET1220 MO TCEBRICAEENTVSH
CEE s Rla=0.462nm,c=0.753 nm : bulks ¥
a=0.461nm, c=0.755 nm)[6]. & & & £ D NQR
BRBZEANIAEFERDEICIEIT TIEERAL DL
T DT, EERER TIEESITINQR)DEZ Celny(1)
BRAICETF> 7 bEES(In) 1 D Wyckoff/\=Z
AR —% 0.3094(bulk)H*50.3090(film) I Z{L & &
Z)ERBRERSCBRTHTEHHE. FREART
IEHEREEDRBELHRI>TVREEZSNS,
B S (bulk) &ER(Im)ER TRE SN
T OREKREEETRT, $TBEEGRBRETH
ZH BRI A 2.28 Kiow UEREERHEZ2.15KE
FIFRLCTH B, K27 RBHEEEAPD/TIEE
EROEDEIFIFFRLCTHY., BREIRED k58
AT DS EPBEEREDF vV TOME - X
THFBEEZOEDEIFEAEEDLO>TUVEWVE
EZ5N5, KKRBE1/T11E300 mKUL T TREIC
AL TWSH, CHIEdEBREDLSICF vy
I/ —FEEDBICERONZEBREREDT S &
EZBTEDNHERD, BERAR TIEARY M LVHIE

[LLTZ2 TV B e H BRI —1EIEX
TWEEZONREREBEZECRALGOTY
%o ILELT. DT PHEBREREDKE S IR
HTNEVDT, FE—HIEEICcCHAMICADT
WBEDEEZSND,

SE. MERRAE THBANQRAENSRTH. BF
MIERF D vIVEICEIVERENCEVWEFERE
BikCeColnsld, /LY B R ELENTEHEE
DIEVWEEFO>TWAIENESH GO T, S,
SEOEERE R Z BN e STMR® ARPES EBX | HR TS
HHb %,

1000 FilmT =2.15K J
3 I .Q'D'D—
- -a®
100 E E
E Bulk T =228 K
TE. [
S 105— E

ocT

llsIn(l]-CeCoIns -
O Filmm =9/2¢37/2
O Filmm=3/2¢1/2
O Bulk (single crystal)
= = = Bulk {powder)
0.1 1 10 100
T [K]
(2 : B (bulk) &SEREEIM)ER O VT DREKRE S, SHEIE
ZRgTdey JEDET IV T DETEE, 20 /KT =6, B REEE
Nres/No=0.120D/ 35 * 2 — % {6, Ri#RlEKohori et al. DI AREA
TDOEBRIERI

] H. Shishido et al.,, Science 327,980 (2010)

]1Y. Mizukami et al., Nat. Phys. 7, 849 (2011).

1 ERYIE47 5577 (2012).

4] T. Yamanaka et al,, Phys. Rev. B 92, 241105(R) (2015).

[
[2
[3
[

[5] T. Yamanaka et al., Phys. Rev. B 96, 060507(R) (2017).
[6] M. Shimozawa et al., Phys. Rev. B 86, 144526 (2012).
[71Y.Kohori et al., Phys. Rev. B 64, 134526 (2001).
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FRLT A ARERYIE RuCl IC BT 5
BN EEEINS

K& B

BRALKRE KRR i

Fl At

FRIERE KFMIEFHZER

RAII BE
HIAY AFRESHER

RAEVRITIE. MEITBITBRIE 'K - BED
ZRICHSTH=DDEIFEET HIENHSNT
WE T, [URITHIST 2DOHEREMAE. BERITHIS
TEDHHBIKFETHY, RIKICHIETBDHA
EYVRAEETT, AEVRED K ERGERIE.
AEVEICHEERMEERLA LN TEECE
FROETDHICRERBIKFZ REEWVIET
9, BT COAEVREKICEAT DN KEK
B RZMZATVET,

EOMFELGOTEDIF FR2ITICLBEDER
FLEOREVER (F2T7ER) ORETII(],
FRITBBIHFNICHEBICECIENTEOE
ERENRIABAL > BICDHHESEEEE T2
EYVRETH BT E QRMENBEE - BEE D2

Orbital
2/3 U

Spin
1/3 He

Jo= 12

BN Jerr = 12 AV DIERK,

S DWFFE AR

BEOIIAZTT MR THZTE. OEHTEICHITS
BN BEDICEE T LI LG ENEBATN
TUVWE T, HIFHEBNBZOEEERERASN
eF R I T7EBTTH ALV EMBENRES
BB FRICBWCBALGRETERRTSIED
EREINELER]L Thic&kY, ACVREDER
ML RRiRs, BERERBOEELTRIATST
EDEREICZ D= DT,

SHTIE. WO DFRITT ALY BRI EHYD
BHHMSNTHEY., RuCkixZD—DTTY, 4d:EH
B THBHRUDIMA A k. AEVEFBEDHS
E—XAVIHEFHE DT Ien = 12BEAEY (E1)
ZEEHEDTWVWET, TDIeit = 12 AEEICRUCls/\E
FOBHEEN L TEANGEIBEERNEIKT
ETFRITEENERLET (K2(a) . EEIT
& BRERRKREDOSD T NHFET B, RuCl
WE7KDS14KDBTY T F TR O R BHERF =
TRLET, LH L. BRRGDHFEHNRELS [F42T
7] TRIEEBESHICESTEY . AEVIREKIGE
WIKRAERIRBLTVWASEEZSNTWET,

FfeBid RuCDFERZFHFMICAELE L
3], ‘BEMETLHESHREEICASE, FEROEA
AR € D —ERELGOLBICHDICELET
(K3(@)), BRFAEICEWNT. BESRICH#EZ
Had5E. FERIZIFEAEZENLFEA, —AT
EARAEICHSZNR 58, FERISERIZESE
TREGHBERFEZRL K3D)ICBWVWTVY TR



b &
Cl (upper) Local( ) :::Tevnetre?on

polarization

Magnetic
c a moment

2. (a) RuChDfEEtEE & 4 T 7&E, (b) RuChicBlF A kFIcE kR TNt RIEEE/RT.

TREB &Y & RBIS S CRUBKEM AL LE
T, O LEBEANEFEREI. MEBFORE
HEBBRLTWET, ETHENS. BRICHIES
ENINY %& WERLIEBESIC SV TS RF D
: BT BTEADHOTHY, BARERIEHSHED
0996 —sT i EllBinabplane . REF(IEVFEREBEN LTV DEDEE
0 1'0 ‘ éo 30 RENE T,

Temperature (K) FlcblE. COBEELHAFESEDOMIEE LT,
MABFENRBRFERFEE O TV BTELIRE
LTWET, BB D549 R RERMEEICHS TS
M EERTBE. BHMETRESN TV
PRENE ZE R R EIFED BN TN BT EN DD E
T (®2(b)), #>T. FEDENBAHICHERIN
BTENVH/FENET A, THIRMEDMEICHITS
MFEDTFIED DR LB TIFITEHEL A>TV S
EEZSNET, DFY, BEHBEICLUSBREN:
;_.g;ﬁ@ FEEX ca DREMKFM. (0) RUCLDFEE €an D RGFEREARELTWNAZEICAYET, BFF
: MEFEDEH HIRT B MENEEDERRICIZ
ES5TVEHAD RUCKICEWTEELGESHES
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BENDHDIEIIEEVDYEEA.

MREDODESEZRBNIT 5L HRKFRTI YA
GRAENEZERRALRUCLZXIVF 7O/ AME
ERELTEWEVWSDH THZELEDHEDEET
Lfco LD L. TOLICEHDERRELIFEREIC. <
JABFEEIMSEAENECATLI el ©
HTEAEVRINMERYED HRHMETIE%EL)
AENUEEICEBRTHDIEFHMENTHEHEDRHIE
HBELELNEEA, LD L. BIFFZITRE
VIBREDFEENHEEANDILICERDHEHEE
ACVWET, TOERELT KBEDOARLL —
Y-+ 2 I T7ACEVREKICRF I HE FFTEE
B TRy REE) ELTFrvTTILDREY
BAEDBIHENDEDERNTIRENESTONET
[4]. COEFICHE VT HEAEV ZRFEU DTSR
EBDTVWBDH, BERBEIFEEHDTT, fhfcb
DEAZEIE. RuCLICHITET Oy TIRREDIRRRI|C, B
DIZERHZ DT LB DERABIENTEZHLEL
nNEth.

FRITAEVREI. XI>FREZFBLTE
FROVAIVEFHREEVSBERDSLEEZAT
THEY. BERMEBEZDHG5TEFIERHFETE
BERINTVET, RELEZES L TEITCE
NGEVDOH FRITRAEVREZRT HNE DR
RCTI, BWVEIRIE. —RRB8FAEVRICEITS
AEVREREIL. B 2RBILEY () 21X Sr.Cu0s)-

B8 (2L Cu benzoate) - EVEFHR (BIZ
EYbsAs:) EZHGEMEEH TCRBAINTEELL
AEVHEEBEERAEELGREZRTFET
TAEVBREDOHEICTEWVTIE EUDIFTEFR
ZEFETEIMBEDEADEENE T, BOEK
FEETDTR/ A REEMPTIF/ A FLE)
DHENERTHIEZIAHFL(EZBEET,

ARHZR I AK HRER (BRILAE) . AR B (R
RAZ) OEREHRTRBLE LTz, EEILEAL
HITET,

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

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

[4] M. Sato, Y. Sasaki, and T. Oka, arXiv: 1404.2010.
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ETEENITHBNDELEHEDN DS, E5ICIEAH
1ZIVEFREEPNITAEFEBDL > HH
AROLANIVTCHEELTVASRIEDNEFHRICED
THEOSNBHBEELEEZSND, T EHRONIIME
DENHIRABGERTECTWERTEDL S5
EREFHENSHEVSEED, BFRRENT—D
VEDEEARBTHAD,

1 SrPtAs D EAf

IOV BRSO EEEITANERELT MUK
FOHFRHETSDV IV —TICIVER ENERE
DEEFT U241 MBIRE StPtAs HEIF5NS
[, £9. ZOBELLE21—%1T5. K1HS5HH
BEO. COMBDEAMRIICIZEDEIRDPLASH
D 2HMEFEL. NSO EREEEZE->TWS, ZL
TLEEETETIEPt (FR) &£As (F) DEEH AL
ICANE DTV, £oT. SrifA MO 2R R ERxT
MREBEDD BPASERICIEWHIF RO FELE
W, Ih05 ERIGEEN CZEBREXFMED
BRI NONELCTWNS, —RICTDLSEIHFE.
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BYBOBEBFROMNROIAIVIEBETHS
Kane-Mele (LLF KM&EBEEE) #RBUBIONE MR E
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&, BRELLUTBEWTPtY A MEDORYEY T D
HFERTDE LADSREFIBEILEDORET
EEMITEDDSTHB. £ T TDRDIEFIREE
EEDIE KMEBETEMRZ LS GIREE 5B,
KMBEZEY#EREERIES. ZRET S, <D
REFAISALBI T, "ML SEFENDEDTIE
TV KMBIREVBEMBERIE. EFICHLT
AEYDEEIMKELRRZBIMAITZEE %
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7abAYEEEITV. HAEOXREICE (EBIRE
DLANIVT) BEMICAE Y RHRNS[5],
SIPtAsIF 2 AK CBGEEBF Z 5| TR T (1], N7
V> ORFIEICET BB RNERDITHON.
RT3 DDRATOREDRELENBIERIC
HBDTEN—MBHERE O STRENTUVS[6], 1SR
ZRWENEE RIS OERI[7]P. VIAHEEN
FiEZE RV FFHGERTEBICRERIE. 32D
SRBREGNIEEZBRNICKS 1 ZIVd-K
(dxoyotid - 3R BIGEIRRED RIRL TWL B ATREMED
wW A ZIVd-EREEIE RO D AV GBEER
ETHhY. HABEKREZE—ARISRNSHAZIVERE
KEZYR—bT5, EVHEAZE CORDEIX
IWF—BMERIEF v —> - YA TR —IER
VNV TABFEEDELCTVLSIL 2T
HELIDRDRT UV TRIEDIERLICHA T
d-EThnIE. BEICHRNTX

DND/I\Z2—> (BRFRZEERE T DBRB LN,

REICKZ

TA4D D N WoZ &l
LHOLAAZIVA-REFBEITDIREDHY[10]. FRER
BETAT )T IEISEE ENDICEDITULELY,
EBHBN. SIPtASDESIEKMERBRTHAZ)bd-
BTV ITHELCTWSET B, EESIIRIA.
DREZFHMFEKMERE HEBEFR LA
ZIVd-BRT I OmAEERE LT, HERE
ICERAEYDBHBELCSHTEZRLI5]. CDHR
TIFSHHELNTIEHEBMMRFLTWVS O, £

(F)EERE > AIBSBogoliubovEERIF (L (F) @
TRV EEDHFET (B) MEAEYZEDR—
IVODRFEIRER) Z R R ICERE KD, —H. TDRT
IFBPASE AN EMNMEEGE>TVLS (K1), &
feo A ZIVd-BARREIG C DEEMREH I L TBT
BB, FHIFELD CDFETNTNDAEY - &
JR2—DENFI/INZ )V Z T NFEWITHF-IEALE
BMTCRHRIEDLDEREGSN], LT Rekel
TUFHF-EALRIEZR DD, TNZThDALEY -
T2 —ERF-EA R Z O THEBDE,
b, EFOREY - 27 2—DITX)VF— -+ AN
TMIVDOETIE FBHRDRITTERWT LGS, £
MR TR D &H B IR T T Bogoliubov-de-Gennes 75
BRAEZMETIRIVF— - AXT ML ERDZE N
IVTIREEDANY b IVISHER L e F 2D REWK
BBDANY MV TIEHERDEEITTWATEN DD D,
ZORER, RAICAEC VDB RET D, £fee B
A ZIVRERER—RICERZESD. CORTIE
AN MVDRHEDI=HAE Y RERRITHRNS,
ZDEDIE KMEBRDHA )V d- KBS Tl
REICHRACEYDBOAFELET (5], TOERRIE,
BRI ZEE R ERFEDINICKUFEE TN DAY
VEVEMREER. HASIVd-ERT U7 ICEBE
BRETEDERNMN., E5E2ERICTIF/NY
TAREFEBLV O, MIREDIENICLSIEEA
BRIRMTVEGR > THLHEKRNRAREE A S,

Y. Nishikubo, K. Kudo, and M. Nohara, J. Phys. Soc. Jpn. 80, 055002(2011).

D. Maruyama, M. Sigrist, and Y. Yanase, J. Phys. Soc. Jpn. 81, 034702(2012).

C.L. Kane and E. J. Mele, Phys. Rev. Lett. 95 146802 (2005); ibid, 95, 226801 (2005).

S.J.Youn, M. H. Fischer, S. H. Rhim, M. Sigrist, and D. F. Agterberg, Phys. Rev. B. 85. 220505 (2012).

J. Goryo, M. H. Fischer, and M. Sigrist,Phys. Rev. B 86, 100507 (2012); M. H. Fischer and J. Goryo. J. Phys. Soc. Jpn.84, 054705(2015).

P. K. Biswas, et al, Phys. Rev. B 87, 180503 (2013).

M. H. Fischer, T. Neupert, C. Platt,A. P. Schnyder, W. Hanke, J. Goryo, R. Thomale, and M. Sigrist, Phys. Rev. B. 89, 020509(2014).
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[2
[3]
(4]
[5] J. Goryo, Y. Imai, W.-B. Rui, A. P. Schnyder, and M. Sigrist, Phys. Rev. B 96, 140502(2017).
[6]
[7]
(8]
9

S. Deser, R. Jackiw, S. Templeton, Ann. Phys. NY. 140,372(1982); A. Niemi, G. Semenoff, Phys. Rev. Lett.51, 2077(1983). A. Redlich, ibid. 52,
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[11] LEa2—& LT, M. Sato and Y. Ando, Rep. Prog. Phys. 80, 076501 (2017).
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F I IVHETER CsCuClzic B %
A= b I i2X i

B

RRAFARFR ESANRFR

EC /ME 17 B FH

ZBH #HIE | AW RHXER =Mk ZE# | J.Zaccaro HR X&F |#R [EX
ERAS sk LA CNRS-Inst. Neel LEAS LEAS
Bk A | | Gautier-Luneau | D.Luneau FhYE fl HE =t

HRAF CNRS-Inst. Néel Univ. of Lyon FLARF IN=P=2

SFEDINICHR T HHFINEELTHEME
PHEAD BB, TDERENMER PR FDFS) T+
ICHXRXT2BEIEEAAZEBHEBAIRL. B
E—AVIHZVIENEHISICHER T BI5E IEHS
AZEBHEHSEADELCS, EBESICEHTIEE
BSHEERDFIIVEMAETIE, TOICHIFIIV
ZBUEIELCE BRFIIV_BHEIEHDETH
. NEPEIZPHREDmE, ZLTHERDF U T+
IR L CERIND L T BIRE TH B (K1), B
BN DOMEDERICLEN, AT IV 8%
DRPDME L1997 ENE LB RIETH Y. B
ZHEZNIFEZ UTEV, KFFMEHTRRE
LTWBHFNI T HRZEmFIE F5)VEEEE

K1 R ZILZEHORERK

[ERRIC 2 R E R AR & B R R ER s Rt D B B I C
BN3ZED L. ARDFRGHFREZTRLISS
MBI KEABHBEEZEZTWND, ZDEIEERD
5. FIIVHBEARTHZCCUChICH I 2R F S
IV B HEDRERMREEIC DV TRBN I 5(2].
CsCuClidF IV EARFRDIME THY ., BB
1EP6:122EP6:22M 2B B S, BitEA A ELT
CuzZ#F5, (KB TDzyaloshinskii-sFAHEEAEMAIC
BRI H58AMSKEELR T HIED D, INE
TOHIKFICDOWNTOEEKLDSHZENTHNTE
fel3le —ATHFSITAHRDYMEEBSNICTS
ISR EARTFI ) T i BRI NEL
5B COYMBEIFRBICTCINGETRTSE

CCD Optical
Spectro- — fiber @:
meter N
A Halogen
— Lamp

e

Superconducting
Magnet

X2 (£)CsCuC3DfEREIE () BUCFRIER

G. L. J. A.Rikken and E. Raupach, Nature (London) 390, 494(1997).

(1

[2] N. Nakagawa et al., Phys. Rev. B 96, 121102(R)(2017)
[3] K. Adachi et al,, J. Phys. Soc. Jpn. 49, 545 (1980) 75 &
(4]

Y. Kousaka et al,, J. Phys.: Conf. Ser. 502, 012019 (2014); Phys. Rev. Materials 1 071402(R)(2017)
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WORBED B o Te. i, mREPZaccaro K5I
SO FIUT1DRI- e EERFHBONER N
M, T THRAEZOHARBZRELTEWVT
CsCuCh o FZ IV _EMD &RAlZA# D LI
L7c

SRERCIFRALKRFE & BB SEP DR 5 B
EMEMRLY2—D1STBEET Y Xy MOEE
LIcBSHFRAERZRMA L, AERZX2H)

IR, HDETARAEHIBORELSFITE
FaradayECiE T, 774 /\—ITX> T T X R
DFEMBZEBICHEEALTWNS, SRHIAZERE
DENCEC. ETIE80um ~ 60 umiEETH S,

BIRD SR FRAEHD IR AT b )L 2R3 I
T COIX)VF—EH TIECu* 14> DREFH

dER LIS T B HMINHFE L. 1.03eV,
1.27eV, 1.5eVAHEDRINDZNZNE3(B) DK
I EERE Ty BB ICd DR — )b H3z2-r
Xy\ YZ(zX) DZNZTNDEMENEBE T HTHICEL
5[2,5]

BRFZIV_EBHEIEHOETAB (+k. k). 7
EHIE PR L DAE (+B, -B). ZLTRERDF S
T+ (CsCuCDIBZEIEP6:122EP6522) ITIKIET B,
D, AR REUTTCHS42KITENT
P6:122#EERICDWTHISR CHDETHRZ REE
Bl EDERANT MV ZRAND L, 4D LSIC
BSREGICHES>TED AR MLDFEEZEL L e,
BHRDBIE ZP6:22fE d TITD & P6i122E R DS

1500 T elne;ggl:{jl main orbital
[ CSCUCI3, k//C, 3K ] 150 eV T Yz zz
[ ] L-S
?1000 [ 1 1.27eV Y
e )
S [
3 - J
500 1 1.03ev 322 _ 2
[ EI M1
[ 1 or
%:. Ml |E1
5 1 15 2 ? 2y

0eV
Photon Energy (eV) ¢ hole

B3 () AR ANRY B b (B)RISY 27658

BEEDANT VDR SHRELTc, TNSDHE
EHSCCUCLTIRBAFIIL_BENELCSETE
DS T, el BONHBRF oIV 6B
HDOREETIINEHIZ CTIEHEBIEDOAREETEX

TV BT EEESNICIE DT, CsCuClsTldCu?*
DAEVHcHERNICHA ZRDOSFAHMSEELZ &
%, CDHSEIDORREE TIFHIZEMICELS
CU*RAEY DB BNDBEEITHIELTHRRF >
IWZBHEHNECTEY, RBICO—A)IVGERBH
TOCWDEFERBREEZSL. EINBTFE
BENEEINEFEBRMND AL HEHREF
BICE>TF B ITBIETHIFI IV _BELHEIR
TBHIEDEHATES,

AW TIEFZ) T4 D> feCsCuChiTH VT Bk
K[FTIVZBEICDOVWTBN LTz, RRRGFRED
BENGHENITHESFHLORZISEIE. FN\UT1
MREBFHRFEERDOMET—RICEIVES, 5
BITMEFRLED. AREED TITERL,

-14T

a0

1
P6,22 7

a(H, +k)-au(H, -k) [cm ]

Y377 15 16 17 18 19
Photon Energy [eV]

M4 KT IIV_EBHEINT MY
TEIEIRR AR bV

[5] R. Laiho, M. Natarajan, and M. Kaira, Phys. Status Solidi A 15,311 (1973).
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NMR & AL REIC KB PrTizAlzo D
19635 A EC AR FZ D B

/0O &k
HERASIIFZ D3

(ARDE =R

1. PrTi Al DA &g [6]

TERDIB T FET HRERIIFAIT Cld. CeBsDX
SICHRNBFDOEHREZRFDMELIAENRT
Hofeled. NIV ZT7 U HEHICTZDTELHE
B Lk, &if. MEREDERICKY., 4 2EE
BEBIETTI—RZPITX0(T  BRELRE. XAl
Zn, CA)ITH W T, M TR F AR IR AEZ 5D
MEBD R ENEL[2-4], PrTiALold ZDHE
B CH—ORIMBFHRFEDNERL WSO, &
&V 7IVICEBFEBEERZMERTHIENT
EDMETT[4-6],

A TEELZPIThALIE. K1aldRd CeCrAlo
BEERE. Prif 1 MEAAVEY NBEDTE E
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FERHBEET. 2O/ —FEEE—RILEDOHER
BROBRICFEITDELIICRZITTH, /NG
BOBRICEDEMNAMICTIVIEANEFEL
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UBenlcBWTEHTIVF vy TG T v TiEEHR
HRLTWBZEERBLTEY, R FUFIEZDRE
RELEEBLET. AKROZEEBGEY A IE
LEERRIED D EHIREBEENTLOE T [4].

—7, BEEREICEV T, BSEICHREY
BETHHZE—NVvIRBOEMNEN4 TEE TR
HBBINZCEERHLELE. Thidiigs
UBeis DL —Nvw J R DIESHEDHLIF IC K> T
FRICHEIEN AT ELIGPAREICEGY, GLAHSH
ROBFHRARZRHDOMETRONDIRDEWVICE
BLTWET. TDTELD, TASHDIESENAT
IETHEELTWATELFEINET.

SBIIThEREZRMNICE(L T TRERZT
L, ThERNRDOABEZEE T 5T ETUiThBers
DREDYVGHBIEEDEBRRICDBZIFLVEEZTL
¥Y. ZOROHOMUBEHELT, EHTRRHE
EETHTY. ThBHRICK > TR FERNER IS
KTBTELS, ThBHRIZEDEANMITRIELT
WBEEZZD I DDRIRTT. COLIGLHERD
&, ThELLRICENZEML, UBesTHLEN
BUEDNBENDDESDANDIET, ThERHR
DABZBBTEDDTIEEVNEERATLE

[11R. H. Heffner et al,, Phys. Rev. Lett. 65, 2816 (1990).
[2] E. A. Knetsch et al., Physica B 186 - 188, 251 (1993).
[3]1 T. Maehara et al,, Physica B 312-313, 103-105 (2002).
[4]Y. Shimizu et al.,, Phys. Rev. B 96, 100505(R) (2017).
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| am a PhD student of the Laboratoire National
des Champs Magnétiques Intenses (LNCMI) of
Grenoble, France. My PhD work is dedicated to the
development of the tunnel diode oscillator (TDO)
technique for quantum oscillation measurements in
the vicinity of a pressure-induced magnetic
Quantum Critical Point (QCP) in Ce-based heavy
fermion materials. The results of such experiments
provide information about the nature of f electrons,
itinerant or localized, on the either side of a QCP.

The TDO technique is based on the skin depth
effect of a metallic sample thanks to a tunnel diode,
acting as a high-frequency generator, and a LC

circuit oscillating at its resonant frequency

f= ZW{/E’ where the inductance L is a few-turns
coil. This technique is highly sensitive to variations
of the sample resistivity, ideal for quantum
oscillation measurements.

| was staying in Japan from July to October 2017
thanks to a J-Physics grant for learning how to
combine the TDO technique with pressure cells up
to 5 GPa. First, | spent 4 weeks in the Settai’ s lab,
Niigata University, to learn how to handle a
piston-cylinder pressure cell. Then, in the Aoki’s

lab, IMR laboratory in the Oarai center, | integrated

a tiny coil in a Bridgman cell. The goal is to
measure at the same time the pressure (by
detecting the superconducting temperature of a tiny
lead sample) and quantum oscillations in a
CeRhIn5 sample using the TDO technique. The
CeRhIn5 compound was already studied under
pressure [1] and, therefore, is a perfect candidate
for testing the TDO technique under pressure.

My stay in Japan was a unique occasion to
discover a new culture, to meet Japanese heavy
fermion and high pressure communities, and to

learn new working methods.

¢ 1mn

Figure 1. CeRhIns sample and a 1mm diameter pick-up coil (a
part of the TDO circuit) in a Bridgman cell.

[1]1H. Shishido et al., J. Phys. Soc. Jpn., Vol. 74, No. 4, April, 2005
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In ferromagnetic (FM) conductors, the Hall

resistivity pw is comprised of two terms:

pi = RoB + RyuM (1)

The first term on the right comes from Lorenz-force
acting on charge carriers in magnetic field, and the
second term is called the anomalous Hall resistivity,
which is conventionally assumed to be proportional
to the magnetization. The anomalous Hall effect
originates from both scattering-dependent
mechanisms, and scattering-independent
mechanism, with the latter coming solely from the
band structure [1]. In the theory of intrinsic
anomalous Hall effect, the anomalous Hall
conductivity (AHC) ow can be obtained from the
Brillouin zone integration of the Berry curvature

(k) over the whole Fermi sea:

oq = —§ f 2% > flen(k) — pla(k) @

Equation (2) indicates the summation of Berry
curvature Qn(k) in the momentum space
determines the AHC, which in turn, is determined
by the symmetry of the system. For example, in

simple collinear FM, the broken time-reversal

symmetry ensure that AHC is always finite in the
plane perpendicular to the magnetization. On the
other hand, in two-sublattice collinear AFM, the
combined time-reversal operation and translation
operation forbids non-zero AHC [2]. However, it
was realized from an early study that AHC could be
finite in non-collinear antiferromagnets with more
than two sublattices [3], and in fact MnsSn is one

such compound [4].

Mn3Sn is a hexagonal antiferromagnet. The
structure can be viewed as a stacked kagome
lattice made out of Mn and Sn atoms. Below Tn ~
420 K, the Mn spins are ordered in the inverse
triangular spin structure, and show exceedingly
tiny in-plane spontaneous magnetization of
~ 2-3 mu B /Mn with small coercive field of ~ 0.02
T. Concomitant with the magnetic order, MnsSn
exhibits large anomalous Hall conductivity of ~ 100
(Q cm) -, comparable to those found in
ferromagnets [4]. This large magnitude of AHC
hints at the presence of large Berry curvature,
which act as fictitious magnetic field in the

momentum space.

[11N. Nagaosa, et al,, Rev. Mod. Phys. 82 (2010)
[2] H. Chen, AH. MacDonald, Phys. Rev. Lett.112, 017205 (2014)
[3] R. Shindou, N. Nagaosa, Phys. Rev. Lett. 87, 11 (2001)

[4] S. Nakatsuji, et al. Nature 527 (2015)



The band structure of MnsSn associated with the
inverse triangular spin structure hosts many
band-crossing points in the form of Weyl nodes, the
closest of which is around 60 meV above the Fermi
energy in its stoichiometric case. Recent ARPES
measurement on MnsSn provides some evidence
of the presence of the electron and hole bands that
connect to form these Weyl nodes. In addition, the
chiral anomaly, a transport signature of Weyl nodes
characterized by positive magnetoconductance in
parallel electric and magnetic field configuration,
has been reported in the same study [6]. Now, the
question is, how does the presence of Weyl nodes

manifest in the anomalous transport properties?

It has been known that band-crossing points act
as sources of Berry curvature in momentum space
[7]. In a lattice model of Weyl semimetal, Hall
conductivity Oy is found to be sharply peaked at
the Weyl node. On the other hand, the anomalous
thermoelectric conductivity axy, which is the
thermoelectric counterpart of AHC, strongly
changes as a function of chemical potential around
the Weyl nodes and becomes zero at the Weyl
node itself [8]. This behavior is expected because
the anomalous thermoelectric conductivity is

related to AHC through the Mott relation:

72k%T 8oy (e)
3lel de @)

gy =

An important implication of this is that if the
chemical potential of a system is located in the
vicinity of Weyl nodes, then large anomalous
thermoelectric conductivity axy, which dictates the

Nernst effect, can be obtained.

As single crystal of MnsSn is stabilized only in the
presence of excess Mn occupying the Sn site, the
correct chemical formula for the compound should
be Mns.«Snix (0.03 < x < 0.15). These extra Mn
atoms act as electron dopants, and if the rigid-band
approximation is assumed, then the Fermi
energy will be shifted towards the Weyl nodes.
Thermoelectric measurements on Mnz.06SNo.o4
single crystals revealed a large anomalous Nernst
effect of around 0.6 u V/K, which is comparable to
the highest value known for metallic ferromagnets.
Upon further doping of Mn on Sn site, the
anomalous Hall conductivity increases within about
10% while the anomalous thermoelectric
conductivity decreases drastically by 50% (fig. 1a)
[9]. The behavior that we have observed is
semi-quantitatively consistent with first-principles

calculation for Ms3Sn (fig. 1b), which shows the

[6] K. Kuroda, T. Tomita, et al., Nat. Mater. 16 (2017)
[7]1 Z.Fang, et al,, Science 302, 92 (2003)
[8] G. Sharma, et al. Phys. Rev. B. 93,035116 (2016)

[9] M. Ikhlas, T. Tomita, et al., Nat. Phys. 13 (2017)
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Fig 1. a, Temperature dependence of the anomalous Hall conductivity o« (top panel) and anomalous thermoelectric conductivity a .«
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MnsSn. Orange line which crosses E-Er=+60 meV indicates the expected position of the closest Weyl node in the band structure

peak of Hall conductivity roughly at the position of

the Weyl node.

Although the observed anomalous Nernst effect is
among the largest observed so far in metallic
magnets, the magnitude is still lacking for
application for energy harvesting. However, idea of
enhancing the anomalous Nernst effect through

chemical potential tuning in a Weyl magnet should

be applicable to other materials in the future.

We thank Prof. Y. Ontani for valuable comments.
We would also like to thank the J-Physics
committee members for giving us the opportunity to
present this work in the poster session, and for

recognizing this work with the poster award.
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J-Physics 2017, International Workshop on
Multipole and Related Phenomena was held at
Hachimantai Royal Hotel which is on a beautiful
mountain in September. | made a poster
presentation in this workshop. It was the first time for
me to attend the activities of J-Physics. | attended
this workshop because the interest of my research
matched well with its scope. My research is
concerned with nonreciprocal directional dichroism
(NDD). NDD denotes the asymmetric absorption of
counterpropagating electromagnetic waves. Typical
material which hosts NDD is ferrotoroidic materials
[1]. Toroidal moment is a magnetic odd-parity
multipoles|[2]. | observed NDD of microwaves in the
ferrotoroidic material GaFeOs in the ferromagnetic
resonance. | would like to know the dynamical
response generated by augmented multipoles and
related fields and decided to attend this workshop.

| learned some interesting topics in this workshop.
In the session about multipoles, the magnetoelecric
effect induced by multipole orders was discussed
from the theoretical viewpoint. The topics was
closely related to my research, and provided me a

good opportunity to think about my own research

from a wider standpoint. Many speakers talked
about superconductivity. | learned the recent
progress of the research field. All in all | had a good
time to expand my understandings about multipoles.

In J-Physics 2017, there were some joyful events in
addition to the scientific activities. On the third day;, |
joined the excursion for the national park in
Hachimantai city and Yakebashiri Lava Flow. In the
national park, we first walked around the top of the
mountain, and there were some “strange lakes”
(Fig.1). They were marshes made up of rainwater in
the hole made by the lava flow. Next, we saw a
cooled and hardened lava flow at Yakebashiri. | was
very impressed with such a majestic sightseeing of

volcanos | had never seen before.

Fig.1 The picture of a beautiful marsh near the top of a mountain.

[11Y. Tokura, et al,, Rep. Prog. Phys. 77,076501 (2014).
[2] N. A. Spaldin et al., Phys. Rev. B 88, 094429 (2013).
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The poster-presentations were located on the
second and fourth days in the workshop. My poster
presentation was on the fourth day(Fig.2). At first, |
got a little nervous because | wondered if | could
explain my research about multiferroic to other
researchers well. Because some researchers
attending this workshop mainly studied
superconductors, | worried about the large
difference between the expert fields. In fact, most
audience who listened to my presentation said “I
understand but ...” , asked many questions, and
discussed my research topics. It was helpful for me
and | was delighted to have them understand the
contents by my talk. | kept in mind one thing in my

poster presentation. It was ‘to make them

understood from the foundation as easy as

possible’ , because | thought that the discussion
would not proceed well if there was a difference in
knowledges between the presenter and listeners.
When the poster presentation time was finished
and | noticed that the time was very short but
meaningful for me.

The reason why | could win the honor award
(Fig.3) might be such an attitude to a presentation.
I will not forget the good experience and do a better

research being encouraged by this award.

‘Observation of a nonreciprocal signal in ferromagnetic
resonance in multiferroic GaFe,
TR :
muﬂmf.mm?&«mmﬁaw ;
of b Scence, y “:nuumm

Fig.3 My poster and Best poster award. The extra prize is a
paperweight modeling on the owl.

Finally, | thank the organizers of J-Physics 2017:
International Workshop on Multiples and related
Phenomena. | thank Professor Shojiro Kimura in
Tohoku University for teaching techniques of
ferromagnetic resonant measurements and fruitful

discussions for the analysis.
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