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B LEATED J OBMBKEHEOEELZILLEZ RS, KREHAMNTE 2 K BE2#IETO J. & 24
MA/ecm® E K ZF WA, BEHZILZ 10 MA/cm*~NER 4 BITBKRT D, £, BHEG I OBEKREH
NKREFLHEY, 30K, 50kOe TH 0.1 MA/ecm* A LD J, ZFED, COEICHEL T, BEIZEK
UIMBEHMESBENER S ER2ISTKTEIIT3%FEEND 1%EBEICETLTLNS, HAIK. BEHE
BTOHRIATIVARVEINEZXRT 2 MR LGB Z Ba(Fe,Co),As)[1]E LB L TERT b,

8

‘]08 T T T 3 10 E T T T X 3
+§§ + 15K '+ 275K Ppristine E E Proton irradiated 3
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10K —« 225K~ 30K - ]
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1 7Ok (3 MeV, 5.8x10'® cm™®) BE5T (a) Bl & & U (b) % D Ba, K, sFeAs, D J, DIREF LY,

0.07 T T T T 0.07 T T T T
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2 JoObrUEBH (QRTHE KU (b)ERD Ba Ko sFerAs, I2H T HMEILBEFIE SORE L,

[11 T. Taen, Y. Nakajima, T. Tamegai, and H. Kitamura, Phys. Rev. B 86, 094527 (2012).
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BIKZ5IEMHIFTTE, KEEEICERREIMEORMNAHSHZRTIE., £SI2C
DXFFEOENLAFLLVMEZEAHL TS,

ERIREXMENBENTNEIENEFRBIEEN CePtsSi NFER[1]S L TLK,
HBWEEBROVAICEWT NEFREMESNBEN TV LEEE] ICEHT HHRN
Z{THONTWVWS, ZRREXMMEDGEVWVEBEEICHIGZMMISE. 7 —/1N—A
THERDELDEBEZHREOANVAILVBEERIARELLZLAICENMMONATINS,
COANJANBEEEFIEBEOZEMERICLIYFTIRILF—ZBCIENTE, TH
[CELL 5 LMEBRBEDBRNIA LN D,

SrTiOs/LaAlOs RmE (X, 2004 £ (2 Ohotomo, Hwang [C& Y ZRTEF R A EIH[3]
SNTUXR, E<DFEEEHTL D, $HFIT. 2007 F£1Z Reyren 5I2& Y BEEMN
BIFRESNATHLIE. BREEREBDIZZLOHMEINTOA TS, BEKIFEWI &
[Z. SrTiOs/LaAlOs REX® SITIOs XREHGE T, BHICLYX Yy U T —FEZ Y
FO—IILT A ENARETHAH[56] CNICKYEBRMFPEEZERRELERT S L
NARETHAT-H. BRURDOMRE L THKENRELZ>T LS,

BREIINAETOMART, RARAEVHEREFRALNEEHEOHABRIC
FYNDYBRZEEINCBA-LERHEREENFTONSIZEEZTL. TOREMN
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Superconducting state of SrPtAs with broken time-reversal symmetry

Department of Advanced Physics, Hirosaki University, Hirosaki 036-0861, Japan

Jun Goryo, Mark H Fischer, Titus Neupert, Christian Platt, Ronny Thomale, Andreas P
Schnyder, and Manfred Sigrist

SrPtAs exhibits superconductivity below a T, of 2.4 K and has a hexagonal crystal
structure unlike other pnictide superconductors [1]. So far, not much is experimentally
known about the superconducting state. However, recent uSR measurments revealed
time-reversal-symmetry (TRS) breaking with an onset temperature coinciding with Tc,
hence suggesting a TRS-breaking superconducting state [2]. We discuss several possible
scenarios to explain this TRS-breaking signal. We emphasize that each scenario suggests a
topologically non-trivial pairing wave function.

References
[1] Y. Nishikubo, K. Kudo, and M. Nohara, J. Phys. Soc. Jpn. 80, 055002 (2011)
[2] P. K. Biswas, et al, Phys. Rev. B 87, 180503(R) (2013)



13A1-2
SHRUOLIZE ITHBIEEZEHR LS HEFREF

FRAREA . FHBAE
BN BT ME B

BRILT =5 LEEIEY SoRUO, 1. REVZEEBEERORRMNLEMETH D
[1,23]c REVZEERBEEICITEKREVNVERAZ A, TOHREF L L THIGE
EHRIZCETA2ZELEBEGEMRMOHRIAZEITONDS, ThiE, HiG. BEIZELST
MFEEH d-vector DIBENELT S LEEZERL., NEMEREOHFEEZTIET HH
ETHbd, FHERAEVZFEEBEETE, MFEHRICAEVEHE HL-H. &
HEFRLPERTLIAEELH D, LML, 2HEFENEFEHALKEX. &

HETITBEASATLALL, A

2 £, SRUO, (285 LW T R E VB8 )
EEAABLE L5 NMR R8O # £ [4,5] 0.8 ¢ N\ No wnfary ,% o
CESE ARSGLEFLICESNE x| N -
C MRS REEREORT E o6l = 0O g
Z D GLETIVIE=#E Hubbard ET LD = 0.4}
ﬁ@#ﬁ[ﬂl:%’ab\’c#ﬁﬁkéhf:%0)’(373%60 ool Helical phase
CHOGLETIVICEDSBEBITICKY . #i5 '
REMBEICH LT Non-unitary phase . 00 5> 04 08 o8 1
Chiral-11 phase, Helical phase D =D D H &F )7
HEECZEHEIHER IS ELEEHKRL - e )
(B 1), #¥IZ. Chiral-1l phase TlX 9 #= L4 B GL B TILI=ED R
PP RE RSB D & b EKRE Y, Tk VUBLN-HIGEEHRRI6],

AECHMEHBEERENBEFRBEFEARALREICT S LAMoNTILNS[8], LH
L. Z @ Chiral-1l phase TlE, #FICAEVHEHEEAN S HEFRARFREZSR
EIZT 5, ZEEDEETIE. BRENETOBROHEMZHRET 5,

[1] Y. Maeno, et al.: Nature 372 532 (1994).

[2] A. P. Mackenzie and Y. Maeno: Rev. Mod. Phys. 75 657 (2003).
[3] Y. Maeno, et al.: J. Phys. Soc. Jpn. 81 011009 (2012).

[4] K. Isida, et al.: Nature 396 658 (1998).

[5] H. Murakawa, et al.: Phys. Rev. Lett. 93 167004 (2004).

[6] S. Takamatsu and Y. Yanase: J. Phys. Soc. Jpn. 82 063706 (2013).
[7] Y. Yanase and M. Ogata: J. Phys. Soc. Jpn. 72 673 (2003).

[8] S. B. Chung, et al.: New. J. Phys. 11 085004 (2009).



13A1-3

CeColns DEHIE Heo R ICEET 2 ER

RKIRE A "RXBEE®
wmag— " hEEs " FLFE A°

HWE - REIEEKRCeColn ld, 1HH DR FIRAE &1L R 72 5 ¥ ar {538 (HFLT)
*H%%@th%ﬁ@mﬁu%fwo{m fEIICBWTHET 2206 TS, 2D
HFLTHE (X, B E S EHPECAHMY F— T EBROBRNO, BREX v v 7 NEME
G4 L 7-Fulde-Ferrell-Larkin—-Ovchinnikov (FFLO)JREENEEH L - DO TH D & E 2
%MT%DU]NW%%i DO 2 XFF L TCWA [2], —J7, =8 H (abti) (2% L
WATICHESG Z FIIN L 72 A BB ICEE R T AT — A v b & FE OIS 7o 98
M@&Fﬂ\@mﬁ-ﬁmmmD%E%mWKﬁhé:kﬁ\¢@%ﬁﬂiﬁmﬂz
LOVBHLNMZEINTWD,

HFLT N CRRBEMERRFE DN BN DB IO W TE L DEmLB R SR, Fix
ﬁcwﬂmﬁﬂﬁvﬁﬁéﬂ@%@%wm&w&ﬁ@%%f%é&%5%@’%ﬁ

N U RSB N R E D L RN B E L LT sl K
WNZ OBARE NG T 2 R BEMERE 1% FFLO KRB ZE I ZIC L v & b lc & &k
ENdZ L, AEHBNIRLEM4], oL, KBBEREFIL ) — FFmodk
BRI MVEFETDHZENRENTWA[4], £ L THRITO NMR EB [5] TiX
Bap DM & % ab @GR L TWLS & Z ORI T H-T fH X2 B TR

SN E) L, He2 Snfe iR & ROMRBEVERR & O IS S R ME D 7EAE L 72V FRLO #3728 HY
BT 5 EnERINTE, ZORRIT, (4] TOHELZ -BROAETOWMYE T DY
AITHEaE LT, BEmmICi N e sz (6], 7272, 2 OBEGRIERIZEV, He2 #58
MOKIBHEE CORAE e EA LR,

AW TIL, BInE & LI REED G HEBE LI BS NIV =T U2 b
Ha LEH L7 7 Ginzburg-Landau B HH = X V¥ — 2 AW THITEHE 21T -
oo T OWRE, X U E RV EE S R & L ICHE S ES R L EE L WD, Bk
DFEEEZHGC, B E abm e DR/ 0 28387 L & DOBRBMERR SO T
Beo, WHRmEME L OERENBIEEICEZ DB AR E 2. NMR EBRiICX Y Rohiz
He2 BB O LHIZ DWW T OE®REIT O,

[1] H. Adachi and R. Ikeda, Phys. Rev. B 68, 184510 (2003).

[2] K. Kumagai et al., Phys. Rev. Lett. 106, 137004 (2011).

[3] M. Kenzelman et. al., Science. 321, 1652 (2008) .

[4] Y. Hatakeyama and R. Ikeda, Phys. Rev. B 83, 224518 (2011).
[5] K. Kumagai, presented in M?S.

[6] K. Hosoya, and R. Ikeda, Phys. Rev. B 88, 094513 (2013).



13A1-4
FARODHILERBGEREL TOD UPL

WPI-MANA', & - M FEHsE 2. BIEEHHER .
BILKXZXREZREARZHER . ROEBRREXERIFHER S

JMEHRA 2, REHR. BIIEH . KSR EKEF°, mEER*, BTA—K*

EVEFREBGERUPL X, BEE-HBEHERICEVT3IDOEBEEGEEMRZEL, R
M5 30 EICE-STKX Yy TEHBZERET H-HODBR/ITITONTRz. — AT
E, AESBAGEEREICLY, SEEHBEOX vy JEBEO bERNIZEITS
2 BIEIEXFEENTEINI[1]. ZOHREZHRBAT H-OHICRESAIzFrv TH
X, ELWRBRICEITHIRAEV=FEE(KBCEKRETHY, BREHMIGHEE TER
T 5BAEIE, ¥v v TEE (bk, +cky) Ok - k) 21 D2EEZ SN B[2]. ZAHETIL,
# W # Eilenberger 5% & & U Bogoliubov-de Gennes EiHICE DUV T, UP;-BHHD F
Yy TEBOBE DM RODHLERBEERLELTOMEZBALHNIZT B[3]. 45
2, BEBLUVIVPICEREIND, YIS TEMFREBIZCEBELTEEZTH 1

ITyPICE, YIASTHFN, EFE k. ARNB > E=B8ROBERLEBEZR, ¥ 3
FFTNL—%HF>TEHEREIND. TORREOIRILF—ICHEBEINSFEHANADF
l'ct, FORLBERDBATZFICLABRINAFSIND. £z, I T FNL—DHFE

FEMBEEZRWVAAS I EICE >TSFONDS.

EFRBREBICEHALTARBETHE, HR  cBHEETTOHD, RIZFRTEFRKEDE
BIZHES, BEREBREOELRICOVWTHRET S, SMBEEETCEIEEDEEED
TEFRNLEREL, d-vector (X ab mARIZCHD. HENINELCHEDE, £F d-vector
N BB ZHEODEGEQATETFRAANLE®R TS, T LTEIHICEBIGREETER
SEENGEEL, BEEaT7Z2zE2FJILIT7EFRKRENRET S, EEEQT
EFRICERAEVHERLEBRELGEOIRILF—KENEREL, FTILITEFR
CEFEELAND. FLEGEAT7EFROEOIRIILI—KEILX, SHIEHEE T
d-vector M abHEWIZH D EHE, EMAMEIC L > TFOoNzYIZTFEDIRILF
—iKEE[34]THY, d-vector I ¢c I D ZHEOEEICET A I v/ EOIRILT—
KL D. AIEL, BRECAEV-PFEHMAEERZFICL>TERIRILE—HN
Wonhd, FLEFRITFETARKETFEICRHSIEEZIAONDS.

[1] Y. Machida et al., Phys. Rev. Lett. 108, 157002 (2012).

[2] Y. Tsutsumi, K. Machida, T. Ohmi, and M. Ozaki, J. Phys. Soc. Jpn. 81, 074717 (2012).

[3] Y. Tsutsumi, M. Ishikawa, T. Kawakami, T. Mizushima, M. Sato, M. Ichioka, and K. Machida,
J. Phys. Soc. Jpn. 82, 113707 (2013).

[4] Y. Ueno, A. Yamakage, Y. Tanaka, M. Sato, Phys. Rev. Lett. 111, 087002 (2013).



13A1-5

EVETFREGENSF URWS2OBRERILUVR MR
RARE, RFAHE". SBAREL®, BKAEC
WFSh, FBNMA, BREEF. FESE . LEZE°.
AR A KEEEC. ZREHE. BEHT

Anomalous Nernst Effect of the heavy-fermion superconductor
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AUMDZERBEBEE DML, AR DOEERTEB SN S Knight shift DARY
MILIZIR (K 2) Z51E LTz, BHMEE—A Y MIBRREDTEREEIZEST
T 5=, AR FILERKIEERTHGELENY Z2HF->TWLV S, ZDHIZR
R FMVBREOE—VME EBHMEFTHE (RRY FLBROELD) [F—HL
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[ 1IZU®IT ] Bi,Sr,CaCu,055 (Bi2212) Hiftidh LIC/E sz, 2 OEA Y a7 vV VA D
B D A PREECHEIRAA T AZENT 5 & T T~V EORRENEA SN S 2 ERHE ST
51, EOFEE, AV EZERERES & LT, ToHIESRMEE Y a v 7 v BB RIERC - &
NADEENHIMENTZRFET T~V N S5 SRS LTV 5

Z DR ’ﬁ#ék%@%w@@to&LfmmﬁMﬂ*ﬁanéw BEOLZA, H—F%

FT140 pW, BEFE T2 W=7 LA #55E T610 yWWIZHE £ - TE Y [2]. EAL~DEE L 72> T
%o BMHAOREEZSED I, YVat T V7T XA RBOREE 5 2 5 RAEREE 2RI E
HIENAENTHDLEEBEZDND, FMWEENEREEIX, @R N— 7k OBi221212 3 THEBLA]
BECTHLN, F—7BOHEMCLVBEES v » 708G S D720, BIESRM 2T EE 5
FATAHAZEDRRNHEL D EEZEZHNTND

% ZTHA L, Bi2212DBith A FDO—#APhb TEHL L 72, BiyxPbiSr,CaCu,0s.s (PbBi2212) |21 H
L7z, PbBi2212i%, PhEMAEZ (LS HHZ & T, BEEX Y v VAL S, BABREE
RIS EDLZENARETH H[3], AWFETIE, 2V Uy MOEH DB HIRF S 4L 5PhBi22127 6
DT T~V PRIRFFHEIZOWTHRET 5,

[ 2D FEERER 1 XU DIc, Traveling Solvent Floating Zone Method (TSFZ %) 12 & - T Biay
Pb,Sr,CaCu,Og:s Hiffifn (x=0.12) Z#ER LTZ, ZNOHDFERND, ArA A2 Y 752k~ T 86
x 400 x 1.2 ym® DOEM A FHEE (Fig. 1) Z/ERLL ., ZOBRUFIES L ORIERIEIC W TR 217
ST, BRFMZRET DL, AR F—7HEORREHND ZENAENTH L, LiLOR
[TV h As grown TR F—7HEEIC & 0 | HAERICBVLEE A L CH AR R— T ERICET D
ZENTERNST, T TAMIE T, B A S 2 ERL L 7-t212, HZE (200°C, 48 h) TEA
PR HiEa AT 52 & T, R R—7El~DBETA L Ieo7z, £ LT, Fig. 21277
E 91z, 150 Alem? FLEE 0>\ SR B B B A 5> PbBI2212 72 & D FEHEIC WO THEh L 7=,

2.0
80| Jo=145Alcm® T bath = 40 K
Vosc =0.89 - 1.26 V
60 -
< @
g 20 + g"
Ag E 0 1.0 §
Mesa g3 [ E
40 {05
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Fig. 1: B A YEEDHEKE. Fig. 2: PbBi2212 B A HHEEM S D

TINIVYRBIREE (T bath = 40 K).
[1] L. Ozyuzer, et al. : Science 318 1291 (2007).

[2] T. M. Benseman, et. al. : Appl, Phys. Lett. 103 022602 (2013).
[3] H. Kambara, I. Kakeya, and M. Suzuki : Phys. Rev. B 87 214521 (2013).
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FOEEZRODIDLENHD, CNET. 8ETHRY FTLRABLUPI—ILFTL
R, BEBHEM, T—TIBEIZED 12 ZBHO I ORLELAHFREIATIND, KE
BT, 1 RAFYTORBEAFAEME HIP)REBOADEELFXICL->T, %%
BIEERMO I AMELEZLERET S, BEFLUVUWMFa—TJIZTDOHT:
(Ba,K)Fe,As, Z it @A # 2. 600°C, 120 MPa DEH T THIP LIBT3 - & THRIGE
M AR L (ex-situ PIT %), BT TOEREERMAES LUHILFAS A —
CUTREET O, B 1LIZRT &SI, BAMNLUAMEETTCHELEZBMD J.
EHRTR2].  HULEOXEZELZR I ZEHMBETICEVTERLEZ, SHICR2DHER
HZEBRIZTTRT & S512.8000e DHIEENT-EOEBHIEIIBRHMaTIZEVNTH—
THY. FRICEVWTEREZLERERNANTVWRIEN SN D, ThoDER
X, BEETRLBICL-TEHERABOBEENBEY IAMLELEZEETRT,

105 3 T T
(Ba,K)Fe,As, 3
~@— HIP wire _ <
4 —/~— Normal wire [2] w
~10 3 S
5
< 8%
~ ={0)
10 F <
H
] (@)
] (@)
T=42K |
2 1 1 1 1 1 o
107920 20 60 80 100
H (kOe)
1 (Ba,K)Fe:As2 8 M D J. DS IKTFHE 2 (Ba,K)Fe:As: @M a7 OHKILFR.

[1] Y. W. Ma, Supercond. Sci. Technol. 25, 113001 (2012).
[2] Q.-P. Ding et al., Supercond. Sci. Technol. 25, 035019 (2012).
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BOXEFOREE MG L DHEEEZATUVEN, CHITBEEARDPICHIEN —#
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Applications. InTech. (2012)319

[2] H. Suematsu, M. Kato and T. Ishida, J. Phys.: Conf. Ser. 150 (2009) 052250.
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RERIAZIFHHEIZH . REXRZSEM IR .
AERIAZIFHRBEFYEST " KEFIAZIFHRBBEBEIZNF .
BETEE ", wABMS N, NMUEBE S BEEM . mEE .

HBIzEIL. Cooper D KEIBEAHDMENBEZEAREAKIZE--THI >, ERR
MGBEFRETHD, RLEEITRRSNITHRMNLGBEEAROBGEESHEL s-K
BI(EAMTHAIZ LA TNz, —A. YBCO G EITRREN ST REBEERE
KOBGERNMHMEE., 3—F—BEEERICLY., dRHELFN)THSZ ENER
=nf=[1].

d-RBEERE, AAICEK>-TERNKSEBOMEINELGL-O. s-KEBIEE
KIZEARD d-FEGCERFIBEDAALZEE-dot)IZIE. EOMETIZTEWNTH.,
AICEEHREERILBENICEL D, HLlX., 2 K5 Ginzburg-Landau AR Z B LY
52 LT, BREROBEDHEMICED L =[2],

COBRBMERIBERENMEEZHL-O. ZO20XERENEFET S, ThT
NOKEBZOELT1ITHIESE., HHEFSONBERGEICIYNREBZERET S L
[C&>T. ddot z MG REBRRBRRFELTAHWSIENTE S,

Ff. d-dot DY A XZE/NELTFTBHIET, 2HREBMOBBEEREZKRE(L, 2
KEBEDEREDLEZERHTETHII LN ERMICFEINTHEYI[B]. BFEFTEILNEF
DTWAEFIVEL— 43— BRI SEFEBRBRFAORALHFIATLS,

AKFERTIEH. d-dotDFELVWVEEL ZTOHREMNENFE. LUV d-dot DEFRE
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51 (Z]) XM

[1] C. C. Tsuei, J. R. Kirtley. Rev. Mod. Phys. 72, 969(2000)

[2] M. Kato, T. Ishida, T. Koyama, M. Machida. Superconductors — Materials, Properties and
Applications. InTech (2012) 319
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HE, BRZEREB T 2P AR (Electric double layer transistor : EDLT) #&EZFBAL-E
RICKDBEEFZE - BGEFEIHZCOMETHRESATLS. YF—FHEELT, &
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Recently, Majorana fermions atracted a lot of attention in condensed matter physics.
In a topological superconductor (TSC) with nonzero topological invariants, the zero
energy states in a vortex core and the edge excitations are described as Majorana
fermions. As in a quantum Hall system where the topological invariant corresponds to
the quantized Hall conductivity, the topological invariant of two-dimensional
superconductors such as chiral p-wave paird states are related to the thermal Hall
conductivity.

In this work we study the quantum thermal Hall effect of Majorana fermions realized
on the surface of a three-dimwnsional superconducting topological insulator CuyBi,Ses.
The diagonal part of the BdG Hamiltonian is the model Hamiltonian of Bi,Ses, while the
off-diagonal part corresponds to the pair-potential with odd-parity. Figure 1 is the
phase diagram. Gray plot shows the excitation gap as a function of the chemical
potential and the pair potential. The computed thermal Hall conductivity is 2 in TI
phase, 1 in TSC phase, and zero in trivial SC phase, in units of Z—;kgr.
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Feng Liu and Xiao Hu

The intrinsic Josephson junctions (1JJs) in Bi»Sr.CaCu,0Os.q (BSCCO) single crystal provides a good
candidate for generating high-frequency electromagnetic (EM) waves, especially the ones in terahertz (THz)
range. Recently, thermal effects in 1JJs draw much attention, as they may help the system to be synchronized.
In this work, we study the role of thermal effects in the kink state numerically [1]. We focus on two aspects
of the thermal effects in the system. The first one is the thermal effects on initial state of phase difference in
1JJs, which is simulated by a random distribution of initial phase state associated with the temperature of the
system. The second one is the thermal effects on the conductance of the system in ¢ direction. The result
shows that the thermal effects play dual roles in the system. On one side the thermal effects drive the system
into the m phase kink state, which can pump large energy into the cavity mode at resonances. On the other
side the thermal effects lower the proportion of supercurrent in total injected one which limits the radiation
power.

References
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HELTWEMN-T= (ZZTIE, LU bare Born B EFER) ., BIEIDBRESEICH
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There has been a rapidly growing interest in multi-band superconductors stimulated
by the discovery of MgB, and iron pnictides, in which superconducting condensates in
different bands couple to each other. In a two-band superconductor with order parameters
{A{,A,}, an attractive interband coupling leads to parallel order parameters while an
repulsive coupling causes antiparallel order parameters. The situation becomes more
interesting when another superconducting band with an order parameter As is brought in
to interact with the two bands. When we have three comparable repulsions between
different bands, a frustrated state emerges as a compromise of competing repulsions. In
this case, interband phase differences are neither 0 nor m, leading to time reversal
symmetry (TRS) breaking.

In this work, we first analyze the condition for TRS breaking in three-band
superconductors with multi-band BCS theory. Then we study the Josephson effect of a
point contact junction between a single-band superconductor and a three-band time
reversal symmetry broken (TRSB) superconductor. We calculate the Andreev spectrums
and Josephson currents with Bogoliubov-de Gennes (BdG) equations under the Andreev
approximation. Unequal critical currents in opposite directions are obtained as a
consequence of TRS breaking. Correspondingly, we observe voltage rectification when an
ac current is applied. Magnetic interference patterns and Shapiro steps are also explored.
Comparison between our theoretical proposals and related experiments will also be
reported.

Reference
[1] Zhao Huang and Xiao Hu, in preparation
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FYvOKBBLEREZRH D IToNDIAEMENAREBINDS,

AEXRTIE. RO Lin EHIOTP AT P7ESS(CERESE. NVYREDIS
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ERLAZONTAIZOMNMNEWSHEREIXEBBETIEEL,

BHOIEIVIIEED c BHERVCEAEROBIEPHECE. N\o7r—Fi@Rbd—
RAR—ARBATIHRFERMLEZATYTIKOBENROSND[1], IV OHEIGEHIKGFHED—
BlZERVICTRT . BROKRKICIECT I ARSI TSN HhH D, §E. 5um X
5um A XDEE DI EIVIERICBLVTI00 AEBEEFTEESTDOBROEEAI UL
TEEO MBEBREEORSIRBEARBOBOBEFREZHRN - GRILO.EAK
DEFEITE PR FEHR) OFICERABRFEIRELLSIBMBEHEENLLFELTLS
EBbHnB, [1]1 Kakeya et al., Physica C468 (2008) 669-673.
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SEEBE SN ZBREFOBEIN EFREN

RIKRRETL, EBXHEHREL
Kig &, REEH. 8REH, mMKRE&H, €FE—, MARBEA?

BEBBIhRABRFOIO—RE BITBFBEBEICODVLWTEE M5B D
HM[LEPSalL—2a3vRIC&BMERDHD. LI L, BHELGERFEMN G,
=%, TOMNEOEAFXENTS, ELXFEEFOEBRHBICEVWVTE—FAOY
SHIRBEAWVWDCLICKY, BHEEOEKICHY, BRABRFORFAMANEERD
A—MoFEFTIA—~BEREINTLHEBWHEEBRZRE L=[34]. SoICRBEMA 1=
NRIVWRARAEZTICLICKY, BEINECIEEH LYV +A2EEBEICHINT
ERERICH L TCEENRRICEXTIFRELG IO —ZHALEZ. ChoDOBRR
DRRICIEK, EHMFOEBROBRERBFMOMENEHL-o-TWSEEEZILON S,

—h, ¥FICREBT EHEAH (shear) ZEMMTESaIE/ T4 RXY (CD)
HHETYHL MLEZEZRAWSZLICKY, EFTHIRABRFORBEDORANFREL L
2. TOHR, EEORLIBABFIVINANAIIFEEERCEELTINSZ L,
TLTCEORFAURERRAHTOR#MERLDDL, BHEELTTLHCEFOD
Wi (HERBE) CHEYVTBOEBRBICETRESZCEERKELEBl. ch b
DHERIT, BRABRFOFAFIIVOXOHREN, BEROBEEROHE, HLHVET
SAFvoo0— BEOMEBZARDIEZOHDSIVWRBRELZEFRLTWVS,

SHICHRE ARKATORLKEFIO—DOHBIZERIILE., ChiZ 3 RTHEE
FmE (BhE) LZEBTI2BABRFOVNOBAKERLE NI S, AE@LETO, T
RORBAYDBARFOOEKERIEX, TOERADERENCDICETSBREFOME
EEEICHETEILIICRAS, LML, EBICAMKEZRE CHRAUASAI-NET 5
REFORFAAIE, FEDOCO THRASAEEDLIYEEINZETH-=. H
$HETCRREMEBTOITOBRFOFAFTFIIVOROEE, §0bbBBRAMICHER
BFHREUVTVS, BFORLFHONENBLTWLEIERDN S,

METE, ChoDKRAGHEROBEERICETSIRABRFIO—DOEFOEER
WREHRET S,

[1] D. Li, A.M. Malkin, and B. Rosenstein, PRB 70, 214529 (2004).

[2] D.Y. Vodolazov and F.M. Peeters, PRB 76, 014521 (2007).

[3] SO, H. Imaizumi, D. Shimamoto, and N. Kokubo, PRB 83, 064520 (2011).
[4] SO, D. Shimamoto, and N. Kokubo, PRB 85, 064508 (2012).

[5] SO, Y. Yamazaki, and N.Kokubo, PRB 80, 230501(R) (2009).

[6] N. Kokubo, T. Yoshimura, and B. Shinozaki, JPSJ 82, 094702 (2013). .
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B EBFiROBRERF & BHER

WIKBEET
AT R, KRRHE

FUVEFLARBRFWVWEVIED TORARICEWEN I ZHIM UK EE % £
FTWn &, ®BARRFTEANTEZETSTFTRAF 7 70— (PF) 6, FH 3
79 v 7 A7r— (FF) ~tERRERLEZRZT, 2D PF 5 FF
~OEMBKRFEDNBERBAZREZ/EOISHEBEB THINE I X, BRbHIE
AHBETHD, LOLERRIENHELLS, REHOMBEL LTEXH
TW5, AR CIIEMNAIEEZ AV CERAROBREN LB+ 52 L
LY, TOMEZBRTHIZEEZEN LTS, EAERNICIE, ez
NECTA W AR WEE[LIORIETHNWTE 2, XEEE SN ZHRRD
F U ARG BFIRRE t 2 e —T ¢ 95,

BARRIC—EDRKE IOEFRORGERE S ZENM Lg%k R 2 EEK
B Xw3L, BERIE VO, T20biRRZOEEDOKRE X (IEIE) 23
EFHIRETOME (Vo) AN THERXLTWBEBMBEERBHINS,
THIXTS U LARBIERBE & o TWiE4R D, HRE2K YIRS -0,
ROEREZRET DL IICERMITHRFIEL TV F ¥ AL E K
BLL72bDThd, ZZTREWEINOFEY T 20 L THEEE OB
BRIE d #RKIE 5 &, EFREB~R» I EMRME 1 1Xd 5 BREHRIE
de TRB L7z, 2N d. TRIFEAFHFEBREZ > TNDHZ & E2RT[2],

AW CIIRERIE d 2—BIZR-TEE, T 2EAIEDZ EITEX
DRBEHRETOREZ I EFEKRIE, BFHE 1 2 |Ve|, TROBIRKRR
DEEDORZIOEFKELTHET S, ZZT, BARAROEEDOKE X
ZIEED PFIRN OB L ICHINEE, PFRLFRFIR~BYVEDLEZH-D D
BEBOEREZETD XS5, b LI OMNET TEMEEE S RBETHIT,
I TCTHEHMHEEBEBNREZ o TWAFHLLE 2 5,

EBRIZIZaLE ) BBEBBROTENLT 7 X MoxGerxEBE R WE, T
BB, RMEEDOREZIDBPFND FF~EDLABAMETETTIRE—7%%
>72[3]e TNiX PF 225 FF ~OBLBBHMEEBEBE THEZ L E2REBL
TW3, —F, XIEERD PFEEANICS, FPHLRAWVWTtO8HWE—7
PBR L, CORERIX, HERPFEBRLEELONTWVWEIEED 7 0 —4F
BAICYH, 7e—REBEOBINWMHEBSFET L RBEE2RBRT S,

[1] L. Corte et al., Nat. Phys. 4, 420 (2008).
[2] S. Okuma, Y. Tsugawa, and A. Motohashi, PRB 83, 012503 (2011).
[3] Y. Kawamura and S. Okuma, JPSJ, in press.
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SITIO: BERFBEEGCRICEITHHM - EFHHEKRI VT

HA KL A EARRLBE PRESTO-JSTC, mARREPDL HAPIE BHHF
FEMA LHMPLEC XKEBEHL£EC FiHMED JIKHESET BEEREF

E, ERRZEEB S OXA (EDLT) BEZHAVT, #BAKEICEETEZ
ERFELEAIMEBSIBESIATNS[1-4]. ERFEBEERIT, Y UTEE
NERMICHETELEITTIELEL, BEOESI=ZAEFHFRT OO YILIZES
THRESNEZ2REEFHARICLIERMREGEAFENEAZBEEKRE S AT
EEORLD, TORBCEFBEICERERIZEIEVFHEFELOAEAD EFAIATL
5. —hH, ERFEBGEIZLNDGE, RFULANILTEELGEEREGERTTICE
BMEndZeEnn, TOREBKREBEIEBEMI ) —THYENSDE (EFDOFHE
HIEARS) BEZ VI ELE2RADBRICHIBRRDETILI—REBYRSD.
hiF2rxtEz@ (EEZEZEL) LTW EF—TaI2HY, EFLABEEL
TEHEERERBEELITE-BREETHD. HLlE, ChET, BENLER
FEEBEERTH S EDLT-SITIOs D LEEBEFREBDEE, MEAUKEEZTAET
52LICEKY, CORMVEBENG2RTEGEREBR T S5 LEHME L TE[5].
AMETIE, RROWISPEEFEZHEMICHTE - BITT52&I2&KY, ZDREL
HEAED LS ICHBZMNANT-.

BIELEZIRTOFYVTEE (F—FERE) I2BWVWT, BEREFETHBETRICH
WT, ERENGBHER RMIIEEOEME L LHICTEREANTTBE T SDIIXL,
BEEMBTICEVTIE, HIOMT VWS KBS THEREREESE THEELRIO—F=
vJ%rL, AEERESHEA (> 90 mK) TEZICEOERIZCESHL (—EHEIC
H3) EOWSHEBRALBLTHASINAE. JO—FZUJ5EETO RTHIZ, &R
BITHMEROEAMBEY V—TETIL (R(T,H) < exp[-(Uoln(Ho/H))/ksT]) TS
FLLEBATNETHY, BERATEFFORILEBOI)—THELELTRZDZIEN
TE5. COEFFURLEEN T AEINSLEVWEEHGEREZHDION DR
DHEHBTHD.

[1] K. Ueno, et al., Nature Mater. 7 (2008) 855.

[2] K. Ueno, et al., Nature Nanotech. 6 (2011) 408.

[3] J. T. Ye et al., Nature Mat. 9 (2010) 125.

[4] J. T. Ye et al., Science. 338 (2012) 1193.

[5] B 5fth, BHAMEFR 2011 FMFEKXEK, 21aGP-3.
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