\R

22

BRYIEE

AR ES

=

N&&E

il

201447 H 10 H (R)—12 H (1)

@NA TV 5D



EnBEEROER Y a7V ARGICK S THZ iR L
A HREDRES

FURKFHIEMER
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BIREAHEDK TSRS BibSr,CaClyOss (Bi2212) BifEGZESN 10~30100 S/ O YA ADAHEITMIL. c-
BARNERERERT C & CHEIC TH fBENab— LY MIERHERERETE 522007 FITHKR SN TLLE, B
MEFBRDIA 5%  DHAEMHEINTE 2, FKIROFEW/ZAMIIRRE LCTIEEETE LB 0NN, BERE
& LTHRIRE D CEEHOBRNE ZIZHY . A HORAROA Y DEEEEEZED L S ICTNERLVDAEE, £ < DEl
FGRREISE o= KRR THY . [FEAEFRYDIKRZHD, COLSERRDPT, L. BEIhASHEEIC K HFHE
OHIFIA CNFETO THZ ROFERIK R EIRAICREY E oWMTELE2T=DTED I EITDWTHENT B[2, 3]0

HiE, BEOAMEETHRIRS BIIZEDA Y OBEENMERIRIFELRL TSR], A HIAA YU JIZK>TE
80 um, T 400 pm, EEH24 um FBEITINIT Sh, Z0OLIRREOEEmN S TERD Bi2212 EA~NEREEL. FKiRS
B5H, COEFRICL DREEBIXEARED =Y MWIem? 1IZH:EFT 5718, A HIEAABO CEESIRRIZE S Eh.,
WP SRy FRRY MRR (BRIISEEN T UL AENHRET HIHR) HEREISND (ThDALELT, A YD
REAEAD DR L TEIRIZA S TULNS) o CHUE c-BIDESURIMDBERKFENE THS Z L BFISEEN LR
% & T DOED TESHHEHRIRRANEC 5 & Bl CIIERIN D, COK SRR THHEHBRLFIRNR 5NnH Z LM b,
ZDRy FRRY " THz FIRDFIREHEL B 2 DIZRL —BE SNih, SR ERIC K > TEDEZAAITEEMT
Hd LGRSz, L LS D& STEE LRI (A HREFTOXRELERAMEEES L H D) THHRIRINE
ZAHILER, CORRRRIEIAZTHERTHHEER D, TERERDFHMIISE2,3) 58D, EERAITIIRHAES
INEL, T, IBEAHEEETHVMRETHLRIRITES 5, LA, BEAMHIEE—T., HD, BELFEIELA
HBRLFIRE B HEMLE L TIXEETH S C LB HORIREEDRERFIEOESRMN D o 1[4, COEERRITES
2. AHERELFFNZ S5 L TRIROBEXEELHICER L, SSKBETRREGDIE—VERT, COIEIXEEL
FELGLT ETEDITHEEDHIFEN L VERAITRI A2 LT L TV, BE. ChIZET 2B EThTHS
M BE, BHAYTIIRAEREE (77 K THHARIRNMEONTINVD, CD& S LD BB A Y TOMESIEE
STEMYTHY . AV OrEETRRREE RSO, BN SIERAE TOERIETHTHD.

COFEETIE, A TERBIEEAOMEIERGIE LT THz 4 A= 0 WY £, #it-H 7 2 —XITA21= THz
HRO—imzET L=, 6],

51 (S8
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BEEC atI7yYUEARZR BISCaCuOss B A HEENSD
TIANILY iR

FRABEYE, RRXRI YE - MR HREE
EARER, AR, TAZE ! BITEH, LZBREKXW, PHEBES, RESKE, ERE,
SFMAC, WAS? BERE, MBS

it s RBEEMR Bi,Sr,aCu0s.5 Bi2212) HE@R M L EL N T- A HHEEH
BDTIALY (TH) HBIRAME SN TLE., RIREBEOBARVLRADEZHZ
DEBNGEINTEL[], BEFCICERMVICHERE SN -RAKHKESF0.3-1.0
THz[2]. BEEREFE—XRFTH IO W THS[B], CORETIE., XFELatwo
YUMBENRIRFRETHI_ELNMONATWVWS, KRAPaLIVUHEILGEZD
&L RIRBEBEEE. RIEFFICLIYRELEREZMMT S LEITE>TIHKRT
B52ENTEBIETTHS,

RELBEEZHMT E2AEFZLELTIR.KRAMLTUTOZONEZEZA NS E—IT.
TFUOR—FR—TJHEBORHEEERIS_E, FLEFFOEBEZ /NS, BEEX
ELTBILTERNMFENREZRECTEIETHD, EZIT, RFITALADIX
FHELTCHBADRZEODILTHD, HRAEIALoDRIZEBL., HHBAMELS
K. DDOEHRERIENBEONIERAGEEZFRL -,

B 112, 80x280x1.9 ym DRKEZDHHMSBON-ER-EEHHERUHEIER
BHEETRT, BEREEMEDEE (T3 K TOHRIR. 55 KMo 65 KEEEDEEIZH
T2BAEHRER S+ W), 10KAS 20KEBEDERIZENT I THz #BZ 2K
BMTHRENEZDIZENEHMTH D,

AEBETEH, BHAYEEORIRFIERUVUEEREEBICOVWTERT 5.
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1.L10K™Ns IOKETHSKEBENER-BERME. REBEZBAT7T—ILTERT.
[1] L. Ozyuzer et al., Science 318 (2007) 1291; U. Welp et al., Nat. Photon. 7 (2013) 702.
[2] T. Kashiwagi et al., JJAP 51 (2012) 010113. [3] S. Sekimoto et al., APL 103 (2013) 182601.
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Collective macroscopic quantum tunneling in BSCCO intrinsic Josephson junctions

Y. Nomura, H. Kambara, Y. Nakagawa, and |. Kakeya

Department of Electronic Science & Engineering, Kyoto Univ.
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WL I B ENO T, BRI E TRV BLSR (MQT) 23 el i @V R CBLIIS D, ZHETIC, Bi2212 7
EDOVKODOWEIZIBNT LK EBZDIRE CAA YT VT HER AR DO a2l MQT %7~ 9~ EBRiE R3S
ONTEY, B—#EATT7 WD TR —H L TWB[1), o, BEREMEICHEKETHESREL T, 250k
BMFEREZAA T T DL AR I R T D0 FERAFERD Jin HIZl> TS TWD
[2]173. FFEVEZ &0 BB OFRRIZITE > TRy, & 13, Bi2212 & Bi2223 OEA Va7 AEAICBT
DA TF L T BB E BT HZEICEY, Bi2212 (2OW T, BATE A ICH A RO K528

WP L7Z[3]. =

WX, BT DR a7 AR IR COBIREE A Bi2223 |28\ T, CuO, 3HEEIT/2D

(3K H D CO, EMREAZILD) ZEICIDEMEADERSNDHELE BN, Al Fox 1d, CuO, B — & o[
HTat 7V A THD Bi220L IZOWTAAS Yy TF U ViS5 A RE L Bi2212 E[RIBRICEMRE S IZH KD

718972 MQT ZBLIIL /=D THA 35,

11X TSFZ {1 THALLTZ BiggPb1Sr 39Lag63CUOg.s H
FEEROREER LT ab [ 1A OFEREABEE 1 pm® DA
THER T O 4.2 KIZBILEREEFETHD, 5 E DR
HHANHEIEL, ) T THIE 1.6 KAcm® THHZEN
b, ZOREHZBIT D5 1 A vF FREHD) BLOE 2 2
A>T (kD) O34 21 E L . Kramers OEENE (TA)
ET NVERWTRED ST FENERE Ter OBIRIRSE Toan K
fFEE 2 1R T, 5 LAy FIZON T, MQT-TA 712 A
F— =2 LD EROBND IR E ORI 0.5 K fHE TR,
BINDH— 7 2 A FIZHOWTIL, 2 KA CTHRIEE I
FIFIL TV, B—EE ST LG, [[U J OEAICONT
MQT-TA Z7uXA4 — "—|IFECRE TR TEY, =
DFERITTNEFIEL, Bi2201 TH Bi2212 L[EEEICHE A
A O R BAER . 32 LB G BMFET D
TEERIRBL WD, FEZORERIT, B 2 Ay T ORERM
MQT fHIZ I TR T2 RLTERY, TDOZ L ER
FEAIZLDFER 72T T A IR DI R AR L Td,

[1] K. Inomata et al., Phys. Rev. Lett. 95 107005 (2005)i%7>.
[2] X.Y.Jin et al., Phys. Rev. Lett. 96 177003 (2006)
[3] Y. Nomura et al., J. Phys.: Conf. Ser. 507 012038 (2014).
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A1) A LB K -Luttinger AN H S a IV IUES
ITBETS5EMRERE

LEXRPFRXFREEMERNFHRH
=R 2R

ZRREBFAEY - R—ILBBHEOEKIC(E, BRHREXHEICE>-THRESAE
AN)HNGB—REGEEFryRIULBEEEINS. CO—RXFrYRILTIE, BFOE
THARBRREVICEEL, 1BEFLE | EFREBLAFEFRICEDL. 2FY, ARAZOD
AREERNZOAETRERAECORMENRLELIDOTHS. CORDRRXOEBEHIZL,
EHREFHYICLIBFREANBLEEIIADZ L THS. BRHIIHEMTHY, AR
BHICE>DTEFRN—FOLELLMEDDEANLBRT IRICIEIRE Y REND
BLiEdN, BEOFRMYPBEATCEIRAEVRRELBELZVHADLTHS. E25T,
—RICERXRTRTEBEFRAODENREELLEIN, —RIEAVALFYRILIZE
WTEFHHEEEREZMYRAALLEES, LY BRAHE (g process) FEIEZTH D
HHARADADBHEINS. COLSICFTHUMYETTHKEFEHBEERHICE
THEARIAPELLZLWOTHS. TN, CO—RTHRTITHRBYGEK
-Luttinger RAEDIRAFELABEELTIEHEIIS.

AKEETIE, COES5GAY BILEXK-Luttinger BEMSERShFE-Ca oY
VESICETARMIREREICIETS. HEARAZEBALE-BS, BRERE
F (ZRILX—DBEFELT) ERRICHALETLABEHREOR R4 9IS T
FBHIh, FANRMIVDBEE—ETHD. &6, PatIVY I EEOMEEEZE
tEEdL, R4 VFNEFDORBER - EFFEFRBICT I LICHDE. STE
FEIHEEERA MDD S L, RBRAKBEEEIEDKSICELRTEITHAIN?

CHOEBWZEZREEH, ANYAhIEKk-Luttinger ETILORATRY VitEZH
WTERREREZBRTMNICHELE[L]. T0EE, EFHEEEAORETER
NRAOVDBSRZERFASHh, TORIEVIHBEERICKET I-EHERICK>TH
BMOTOIhBZLZRHLE. F ZHAOKRFRED I IV UVEARNOLMEICK
FLTRIMNICERT S LEFHALNICLE:. B, HEEALAMEATH R/A
VETILIBEBEOFTETHY, ERBOIRILX—IEEFELHEYL. Chik, AUD
JVE XK -Luttinger ETILRABERIRTHSICLERBRLTVLS.

S B X
[1] Y. Takane, J. Phys. Soc. Jpn. 83, 044714 (2014).
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FEBEEICHIT S Josephson BDFIERARY FIL

WPI-MANA', M8 - # ¥ FF L1 2,
BFH#BATLHENZE VA, R AXEYHERER
NERAN D2, KIFER, n/§1x/i“ b2
Howon Kim*, £&JIIE## ¢, pL4n1E 2, W*EB% L2 AR 2

AEDSIiRED n BEFEEOBEGEICETIMAEDORE[2|1Z51TT, 2 X%
BIZERIZBET2BOMEBARY FILICDWTHEL-. COX%IE, Si EBXEO
TORETTADMEICRTY THBEEZHED. ATYTRERMICETIAMEDEF
DEBZYHITE. —ATRATYITZECEBGEEEROBAMIS, XTv ITH
Josephson EEDRENEZRI-LTWSEEZNS[1]. HiiEH TD STM/STS BIFE I

EhIER2], EANATRAVEI B VR(ZBOTRELONDRBOMKA, TS ALET

FEAHUTHDIDICHL, RTYTLETIEHEAMT, ATy 7 I2h-=R#z+D.
Fl, ATYVTICE>TEARRKBREOEASVWVHINELRSZ I LELHAShTWLS.

ATy T LEDRBIE, Josephson B THIAEEMELHD. T2 TH AL, STS BIEDHE
R #HEAT 51012, Bogoliubov-de Gennes AR ZEZ X v v TARK LB CEERE
[CECILET, AREGEOENFMERRI FLEZBHLOMNZT S, ZOHERELN
BRMEARY FILDRTYTLEORUBYBSLOBRIICHT IIKFHEETROEY
THD. t NINSCRBBHITON, ASTOEGEMRFEHOIRBOMFIMNE L EY,
MHEZEENEANICES. TRICHE->DTEBEEERLEAMICAEY, Josephson iF D
BHZERT. 612, EOIRILF—BRREBEEEZDOS)FR Ty FTIZETLRE®
%?#15 tMINESKCBBITONTEAMENECES. ZDOS DIRDHFE LA STS BIE T

FOoNDZBCOILD—HTHI D, HAE, EICHRR=STSREICE TSRS
|€E0)§§30)§73~%) ZBC DEBIE, FAHBEAH 5 Josephson EADY B R A —/\—
DHBATHD D LHERT D ABETH, HEHEOHKRICEOSVLT, BRMAlimz
FIDICHRET S.

[1] T. Uchihashi, et al., Phys. Rev. Lett. 107, 207001 (2011).
[2] S. Yoshizawa, H. Kim, T. Kawakami, Y. Nagai et al., arXiv:1405.5953.
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ERSEBCROEBPICE T 5EBHEENRE

RIAKERH A HRABEI® RXEEMC, mABREP, EHE
BEMA FHRES LEBMLC ZERB—° KEEEC ATEHES
NNEgEE BF, SERR BF

BRFEBEGET BBOESI=ZAETFHFRT OO VYILICE>TEHREEINZ2RXTEF
HARARTHBETHECETHD[L]. COFKREICLK>TET S, ZHIREGEXFFEDHEN L
HITNY FEER2IE WS NV IS GEWVEEABEEICED L SHEEZEZ HMHE
RD—DICHE->TWS. —4, ERFEBGEEFIZLDEGEES, RFLANILTEEGEERRE
MRETERINSG-OH, TOREKEILEM clean T (EFOFHEBRIENAEL) »
D2RTEDBRICHDBHRRDETIVI—RERYBS. CDBHE, EERKEBELHD S
dirty Boson ETI R ENDE D (BEELBRFEFHKENDEE L) LIFELDZEHH
/FTED. EARIE IhET, BRIEE IS UVXRSZ (EDLT) BEZAVWTERINT:
SITiOs BERFEBIGEARD L EERAEIS OIS PMEREZRET S LITEY, CORMN
EEMGZ 2 RTBEERTH S LB3) EEKBIZE T AL VWEIGHBE CESIERITEL T
5L00, T=0KIZCAM>TESRERNEDI L (ERMERERENAHD L) THE
LTER[4] AHARTIE, COLENLGEEREOREZEMET S0, SITOs [TMAH
=12 ZINCl ERFEBGERDB) COMISTEERFEZRANS L L3I, MBEOZRBERD
WSRO LLE - BT & 1T o 1=

ZINCI ERFIZBEEFRICHINTE, SITiOs EFEHIZE 100 G & LS5 BREGH SESRK
BOFEAEDHBEEIZEVT, ToOK TORZBERMABRIASIN. £oT, COLRE
MEEIKREEX LB M clean T, BE=VJ L2 RDBRICH L ERFEBCERDIFHT
HdEWVWRD. F-TDERBEN RoL [TELAIIZ RoL ~ exp(HHY E WS B TRIRTE 5.
NODHERIIEERENBLRDETF b RILIBR[6]IZ & o T phase coherence hMED
EDTERVEFRKIZHAZLEZRLTULS.

[1] K. Ueno et al., Nature Mater. 7 (2008) 855; Nature Nanotech. 6 (2011) 408.

[2] Y. Mizohata, M. Ichioka, and K. Machida, Phys. Rev. B 87 (2013) 014505.

[3] K. Ueno et al., Phys. Rev B 89 (2014) 020508(R).

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

[5] 5, BAYEERE 69 MFRAE (2014), 21aGP-3.

[6] E. Shimshoni, A. Auerbach, and A. Kapitulnik, Phys. Rev. Lett. 80 (1998) 3352.
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ESFERABGCEOY TNV FEELRAEFIKE

fILKZE XZERBABZHARE
miE 2., FE B

BR-_EB M UPDRABEZRAVT, EHFRXYUTF—EVJTETSL
T. #BAROEREICERKRBLZER TSI ENTE, BETEHECEKREZERL
TWd, CORFT—FEREZELSIESI L THREADRIIZCFESESI - Rt
BFEEZHHTZAIEVSFEALNH D, AFRTIE, SITIO; THEFLHEHFRE
HBEEDHZA[1ICEBL. BEEREBTORIARICETIEFREDOEHREE
[COWTHERBHNEICIYBERET 5,

CORODEREREBIZEVWTEK., EBICLKLIALRADRTUIvILICKY, BFHN
KREMEICKREEN, Y TN FEERT 5, REEFKREICK. EHOY TN
FOBFMNEFEELTWLWADT, CORFEMG2RABEFIRKEBLEEIEAT. BEA
MOBHECEIIZEFMBEZERICEEL TCERIT ILENH D AHR[2]THE.
BIZEIZDWT s KBIRESI HZE{RE L. Bogoliubov-de Gennes FEERXIT LY.
GCEBRFZHORSIARNDERMELLZREL-, TELT. EFOREMKBEEICH
THBEEX vy THEITEEL, RIARKEERELY TN FREREEZERT 5,
fBwme LTIk, EEFEXRDEGCER. BEEX Yy v INY TN FEBICEL DS
FrovT@BELERY ., RBEEICEVTTELBGEX vy TOHRICEIRILT—
KENBRT LS ELADOI >z, SO TN FKRFERE, BEEX vy THEED
FRIARKEELELFECHBRLTWLWS, ThoDEH-E. BIEICLLHALADKRT
DURLLD ZARTUVYILELDIGE L, BFAAICILIBEOERDREE L
WIAVDRATURIROERT U Y ILDGEED 2 DDGEICOVWTHEL, @
EORAMEFREZLEBRLTEEYT S, Ff-. REICETICHEBZZNTLBHEICD
WTEHEZTW., YINV FBELBERICHT IBEOEZEICODVTHLERT b,

[1] K. Ueno, et al., Nature Mater. 7, 855 (2008).
[2] Y. Mizohata, M. Ichioka, and K. Machida, Phys. Rev. B 87, 014505 (2013).
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R RRIRRE COMZRETHRAIER ZBE Y D 4E BRI < &k D A#T
FLLKREE BB AR FHRR HfgX, mEEs, hHEz, ATE—RK

B RITBIEEBLRIRE TORBS LR (NWR) (2D T Eilenberger BRI & 5 MR E R
ZRAVV-MREZTED TS, £ITHEE LT, dBREFREICE T 5B EFTEEDOZERE
EIEB L. BRKETOT A 2T FOREKREN - BiHKENE. BL V. BEEXTRME
(s iR & diR) OFHMMMRDEEICOVTHRE L=[1], SEIDEETIE. NNR ORESEER
FTIFEAL, REV—FIHED s KBTEL d FEBEEDBEICONT, BRIEFRET
DRESENE 1/T, ORE - BI5KEFE®ICEAT IBIERERRT 5.

AEFEELTL £9. RARBTIRETOELHE lenberger AKX ZBCEBIEERICHE
KT EICKYBEBEA—F—NFA—EF—ZFZREL. ZNTAHAVTEIRIL T~ ETHE
ek - BIEETH Green AR ZHET S, T LT, BN EERICIYERIELESH
HRHBESENEOR[2IANMATEII LT, NREBRTEA SIS T, #HEHELT-,

NIV IREEICH 1T D RHESEMEOREXREFEHICOVTI., s REGETIIHHMNLGIRS
FUWE LTRETOIRBBMIRDFEL., BRBREIAETO Hebel-Slichter E—2 A%, d
IRABIEE T(d Hebel-Slichter E— 2 &G {BETHEBBMGIREN LGS, ToDREHE
M, BRREDODTEDELESIZTILT EIMNIDVT, AAEDHERREZEET 5, £
MSEMELRAREDTREENDEZELZITADT., BRENTO T, DMBEKELELT
fid 5 &TERKFEEEERLT,

Sl FEHETHMHRICOVNTIEZRT 5-OICFARKRELE T-matrix ALUZL>T
HoEEIRIILF—DFHEZECEBESICET L BEEIHELERANIE T 5T
MNRDEFEEDEWNCDOVWTEBEREL TS, THEELD Born 18R & Unitary R TD
BRESEMOERIZTOVTHLEREZITI,

[1]K.K.Tanaka et al., Phys.Rev.B 89,174504(2014)
[2]N.Hayashi and Y.Kato, J.Low.Temp.Phys 131,893(2003)
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ERABEEMHOBHMEEE L BEERMTE

AEKXKTI, AKRERI ', AKX WPI-I2CNER?, Hi K&
mEHEM, = FR EEEAY WMARDE, IRAEE B #H0Osd
ErRAEZES INVKHE S

ERMPBICERVTHMIZTOSETHERTETEINILI T/ AZ)LIE, B
RRBRTHBRINENLIMBETH D[] ChET, EETEZBEGEEROPLLE
2 ERBEERTHD Nb &V EZEY, EXVTAHAMIEDND 1 DThHdaER LY
(HPT)YMM I ZT > THELE=NILIF/ AL I)DOBCEEREZARTE[2]. HPT
MITHHIETEZTLHBAOY A XEYMEITEKET HH, ERICHTSH HPT T
(EIEE# N =5) &I, FEHHFZE2r A Nb Tr~120nm (V TlEr~ 165 nm)DF / #&
EBEERELDS. COBEFMIBIN=0DHY A4 XELERITEREMMBIEIL TL
5h, BIZKELGN (> 5)ICx L TIEHMMIENEES, HPTIMIIC K SR A
Xl&r~120 nm ~ 5¢(0) (Nb DIFZE)N TR TH > 7=. MIFTNICEFREE Tc=9.25K
<9 Nb TlE, BRAMADOHMIELBETT. =937 KETLERI S[2]. HPTMMIIZ
&3 T.DLERENFT /AT —ILBEERTFRHIATLWEIEFHA AHREOHEEE
MENSA—FDHEBRHMA~NDEHALAHHRICKDIEEICIE, HRADY1 X%
E—LYAREO)ETHLEIELIIETRICTALET S ENHHETES.

AKHRETIE, Nb ORRHMEZSIHICHMILTEIZLEZEMEL, RAEREE
IZEWVWTE6GPaDEAT THPTMIF#TUVWEBEERMEZHA. TOHERE, N=15
D Nb TIEHERAUREZr ~23 M ETHHILTESLZ LN o-. BREEDE
EDHER, EKEHPT Z1T>of=Nb O T XERERHPT 21T 21HED T.(NDRKIE
ZBAT.=944K(N=14)ZRLE. COHKRIL HRATA XA T.OEELN
SA—BTHDHZEERLTLSA, KR HPT 24727z Nb TIE T ARBRBELLS
T et

BB HPTIZCK 2 Nb DBIEEREMOM, Nb ICEFIHEEFHHD SQUID BBM
BEHE, HPTHMIICE D NDTIOEEIELGE, REDEFEEEZBN LIz,

2% XMk
[1] S. Lee and Z. Horita, Mater. Trans. 53 (2012) 38.
[2] T. Nishizaki et al., Physica C 493 (2013) 132.


kitatakafumi
テキストボックス
10P2-4


SQUID ZF DM & SQUID FEMEE~ D it A

KIRAFIIKRE - T KIRIFX-F/8° BEXEC, ELWH
BIEE 2 *. Ho Thanh Huy*. BAEA . RER{CEL =FKH A
MEEC fEEHR°. BEEXx". gER#M®

A& SQUID (Superconducting QUantum Interference Device) BEf#SE(X. SQUID
OB aANEZRERECTXY EEL THRORAFTEBEESMAZRHAIDL LD TE
LAEETH Y, SQUID #E F DG NERENENTWND Z &0 A B, ﬂﬁ%
T, N TR, A hr =7 2R EREWSE TIRHZHRL TV 5D,
7=, Fkx1E, SQUID FHMAEE O {5 % fif 1
T 5 72O OBERAMIE S FE i L 72[2],

¥EORHGR %% T, MHAIC SQUID % 1
OFFH L VERZB A L=, SQUID 3 fILpE
W CRAVITY D NbZ g 7' v & X2 &L - T,
B WO E B A2 R > SQUID # 12 /ERL L 7=,
F7-. SQUID D [E[EEHERL K& Ot = A LD
AR, A REE D AE <A XL, &HEE -
By fREE D EA R SQUID BEMEE 2 £H T 5
72O SQUID XV T VoA A — L L, M
HBERIBBEMGZADBHET LREL TV

1. SWWIDXFOEEEFHE, CZTlE, E
yHO Ty Taq4NLIE—@ELT NS,

Do BYTDEREFEHEZK 11177,
DA D SQUID B E: & L T X 2
WWRTEYy 2Ty FaAs v Fy
7N 3 ETHLY A A TS SQUID E 1 Hl
TELTWD, ZH56., BEFED SQUID
PO R TR TIEEZ 2D T,
Rl aAVOEEZRZEOTIMA OE
A7 KL SQUID BEMKSE & 9 4
M2, SWIDRFOAGMOESTHE, ol £ CD Do

. . _ AT O — FIL R F o 5E E (HE kY
O Ty TaAAINWNIE3EHERELT. R FILEES WSS No. 25600018, #FHF 52 (B)
DHENTREE LD, No. 26820130, No.26800192) @ Bh ik %

AT 7o, Flo. AMIEICHEH S L E

Bix . (B BEERHF CRAVITY I B W TIERL X 7=,
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[1] T. Katase et al., Nature Commun. 2, 409 (2011).
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[3] T. Okada et al.: arXiv:1406.7383.
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Pairing states in Kane-Mele-based systems

Hirosaki University

Jun Goryo

The Kane-Mele model on the honeycomb lattice is renown as “the standard model” of topological
insulators (quantum spin Hall systems) [1]. We introduce the extended Hubbard-type attractive interaction
into this insulator, and obtain the unconventional superconducting phase of Cooperon condensate by
increasing the interaction [2]. We then find analytically and numerically that the favored Cooperon pairing
symmetry by an inter-sublattice attraction is the topological helical p-wave (2D version of superfluid
‘He-B phase) [3]. We emphasize a tight connection between the helicity of this condensate and the
topological spin Chern integer in the insulating (quantized spin Hall) phase [3]. Namely, the helicity of
condensate depends on the sign of the intrinsic spin-orbit coupling, which gives rise to a non-trivial
topology of a Bloch electron [1].

We would also discuss the recent discovered superconductor SrPtAs [4, 5]. An intriguing thing is that
the layered structure of this crystal lattice corresponds to the sublattice structure of honeycomb Kane-Mele
model, and we see that the normal state of SrPtAs is basically identical to the spin-Hall metal obtained by
shifting the Fermi level of the Kane-Mele insulator. It is easy to show that the selection rule for the pairing
channel mentioned above does not work in the metallic state. Indeed, the most plausible pairing symmetry
in SrPtAs is the topological chiral d-wave with time-reversal-symmetry breaking, which is supported by
several experiments, [6, 7] and also theoretical investigations [8, 9]. This chiral d-wave state with a variety
of Fermi-surface structures in this system yields various types of Majorana fermions [9]. We may also
mention the possibility of the spin transport by the topologically protected chiral edge state [10], as an

analogy of the spin transport at the edge in the chiral p-wave superconductor Sr,RuO,4 [11].

References

[1] C. L. Kane and E. J. Mele, Phys. Rev. Lett. 95, 146802 (2005); ibid, 226801 (2005). [2] P. Nozieres
and F. Pistoresi, Europhys. J. B 10, 649 (1999). [3] S. Tsuchiya, J. Goryo, E. Arahata, and M. Sigtist (in
preparation). [4] Y. Nishikubo, K. Kudo, and M. Nohara, J. Phys. Soc. Jpn. 80, 055002(2011). [5] See, for
a review, M. Sigrist, D. F. Agterberg, M. H. Fischer, J. Goryo, F. Loder, D. Maruyama, Y. Yanase, T.
Yoshida, and S. J. Youn, J. Phys. Soc. Jpn. 83, 061014 (2014). [6] P. K. Biswas, et al, Phys. Rev. B 87,
180503(R) (2013). [7] F. Bruckner, et al, cond-mat/1312.6166. [8] J. Goryo, M. Fischer, and M. Sigrist,
Phys. Rev. B 86, 100507 (2012). [9] M. Fischer, T. Neupert, C. Platt, A. P. Schnyder, W. Hanke, J. Goryo,
R. Thomale, and M. Sigrist, Phys. Rev. B 89, 020509(R) (2014). [10] In collaboration with Y. Imai and M.
Sigrist. [11] Y. Imai, K. Wakabayashi, and M. Sigrist, Phys. Rev. B 85, 174532 (2012); ibid, 88, 144503
(2013).
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Fractional Vortices and Josephson Effects in Multi-Component
Superconductors
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Zhao Huang!? and Xiao Hu'?

Multi-component superconductors attract a lot of interest after discoveries of MgB2
and iron-based superconductors. One interesting fact is that inter-component couplings
can induce unconventional pairing symmetries. In a two-component superconductor,
two order parameters have the same and opposite signs for the attractive and repulsive
coupling respectively. When there are three or more components, the repulsive
couplings can induce a frustrated state where phase differences among order
parameters are neither 0 nor m, which break the time-reversal symmetry.

In this work, we use the time-dependent Ginzburg-Landau approach to explore phase
sensitive phenomena of time-reversal symmetry broken (TRSB) states in three-
component superconductors. We consider a domain-wall structure between two
degenerate TRSB states. Across such domain walls, the angle between two order
parameters closes and opens again to form a kink. Therefore, the two order parameters
rotate in opposite directions, which tend to generate different winding numbers for
different components. In this case, an isolated fractional vortex may become stable
which results in fractional flux quantization [1].

We also discuss the Josephson effects of a constriction junction with the domain
wall. Interesting phenomena such as high-harmonic current phase relation and
asymmetric critical currents will be introduced [2].

References:
[1] Z. Huang and X. Hu, in preparation.
[2] Z. Huang and X. Hu, Appl. Phys. Lett. 104, 162602 (2014).
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[1] YN, H. Nakamura, M. Machida, J. Phys. Soc. Jpn. 83, 053705 (2014)
[2] YN, J. Phys. Soc. Jpn. 83, 063705 (2014).

[3] YN, Y. Ota, M. Machida, Phys. Rev. B 89, 214506 (2014).
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=59,

FROCAHIEFFHEDL Majorana KEDRHEWVWSERALOBEMSEED
IRILF—RELMERELORNIRILE—F vy TTHD minigap NEETH
U, BHICBEERBICERZLUTNIE. CIGMIRREDBITIIEZELREETH S, K
BALBEEOHELTIE, AMITLp REGEOMICHEETIIEEDIRZH
AL FRASHILEIRESATEY., LE, Sau bDRELz s KBEE.
Zeeman 35 % &4 Rashba AEVHEMEMEROBVN_RITEFHX[I|(Z I TIE
FARODAHIIL s FBEELEERN)IEELZ, CORTIE., s REBEELDSA I
BEBGEEDOLSITEIRIILF—IKEE @Iiﬁ?ﬁ\bb\ofhéb('}"@lifdﬁb\ Fr-EAL
NYEAETTHYHREZEHE L. minigap DIRHTEL - HEEFFTMLI=EZ A, s
BEBEEDLHASILpERBERED CdGMJk%[Z]&(iE&%%ﬁLL\Q'f TOHMER
WHL7[3]le LOALEBALZDRIINSTAINEL, HREF@EZ+ 21T EEE
LAYF= LY,

HRIEZ. ZCORDFRODHIEBIRED Andreev AL TRBTES Z L MR
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[1]J. D. Sau, S. Tewari, R. M. Lutchyn, T. D. Stanescu, and S. Das Sarma,
Phys. Rev. B 82, 214509 (2010).

[2] Y. Kato and N. Hayashi, J. Phys. Soc. Jpn. 71, 1721 (2002).

[3] Y. Masaki and Y. Kato, (in preparation).
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RBL T, RREBEETREETERVERRBIHEELS 22 2r 50
TW3, 715 p FBEEDIIEIIBENTIE, MEAEBRICB W TIZHEE
SFEDY EH RN @A T 5 Z &5, Ginzburg-Landau ¥5f % F\\ 7=
BRIIC & > TREENTVS [1].

U 7 U Ginzburg-Landau ¥R (2 & 2R IFEBEEEE U2 ES/LTE W
7z, EHIERE LA TR EROHEBETIOL S RIBHBHEL S 60185
NE. IR TRBR TSR, FRESHEBIZEVWTER, KIRTOFREICES
HIERALSAVSONS, TNETIORIIH U CTHHMBERZH 7 HIRE
DEIEIIZ TR ONTETVWED, ZTDF LA LITHEHBANTEZKEL TW
%, MENTHEZKETTICHEZTR> THEHANMEZE S BITHETEL &
Molzl\WIHE 2] IXFEELTVWAEH, ZOFEILIRE & FHYNEE D /ST A
REFD—RTDATUNTRODINT VAR,

AT IS HE IR CRR T & 2R T, BRI HEXFRE 2 B o 7z h
HRT2AEEE2FARSZ I 2HRE Uiz, R UTIEZRTAA TV p KB
BEIZBTAIMNEENRE Uiz, I T p HBLEEIZS — =X 2ERD
NHAEBEZR - TWA I IZLD, W7 —N—XNOAEFHENITHIHEL
HOEVRERKFTRE., AEEBENTEHELOOTEERETH S EITROD,
“HEOBRMPELELTWAEH, RFETIRE T ETRZFAN, LTHE (2] &
BUTKDEWEE, FHYERCBESFEZT RV, E-ROZEMZ BH
IANF—IZEoTHRT DI L 2iRAT,

SRR
[1] T. A. Tokuyasu, D. W. Hess, J. A. Sauls: Phys. Rev. B 41 (1990) 8891.
[2] J. A. Sauls, M. Eschrig: New. J. Phys. 11 (2009) 075008.
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Vortex Core Structure in Multilayered Rashba Superconductors

Osaka Prefecture University, Japan Atomic Energy Agency, Niigata University
Yoichi Higashi, Yuki Nagai, Tomohiro Yoshida, Youichi Yanase

Recently, the Niigata University and ETH-Zurich groups actively investigate
superconductivity in locally noncentrosymmetric systems [1]. Yoshida et al. found that the
novel superconducting phase regarded as the pair density wave (PDW) state is stabilized in a
high magnetic field perpendicular to the atomic lattice layers in multilayered superconductors
[2]. In the PDW phase, the phase of the superconducting order parameter changes by pi layer
by layer due to the spatially inhomogeneous spin-orbit coupling, whereas no phase difference
of the order parameter in the BCS phase in a low magnetic field.

In this study, we investigate the electronic structure of a vortex core in the PDW
phase. We employ the quasiclassical Green’s function method and solve the gap equation
self-consistently. We present the numerical results for the quasiparticle local density of states
around a vortex on the basis of a self-consistent solution of the gap equation. We show that
the zero energy bound states is absent due to the Zeeman splitting in the BCS phase, while in
the PDW phase the zero energy peak appears again. This prominent characteristics can be
observed experimentally by the scanning tunneling spectroscopy.

Emsz ng;

N i ih =

RN RERN . ==
1055 -1 -O.SEO/TCG 10575 -1 -0.5E(}T:65

Fig: Local density of states N(E, r) around a vortex in the BCS state for ugH/T¢ = 1.5 (left)
and in the PDW state for ugH/T¢o = 2 (right). We set the temperature T=0.1T, the strength of
the spin orbit coupling a = 2T, the inter-layer hopping t, = 1T. Here, T is the transition
temperature for a =t, = ugH/T¢o = 0.

[1] T. Yoshida, D. Maruyama, and Y. Yanase, Kotai Butsuri 49, 109 (2014); M. Sigrist et al., J.
Phys. Soc. Jpn. 83, 061014 (2014).

[2] T. Yoshida, M. Sigrist, and Y. Yanase, Phys. Rev. B 86, 134514 (2012).
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2 & Xk

[1] Watanabe, Murayama PRL 108, 251602 (2012).
[2] Hidaka, PRL 110, 091601 (2013).

[3] Takahashi, Nitta, arXiv:1404.7696.
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ZRADBEEX Yy TEEHROEREZH >TWEH., EIRILF—OREKRER
EFHRBENPELDHAEMENH D, CITEH. 2Xvyv TEREERICEITIEE - I—L
FAr—2FE—FIZOWVWTEZR D,

EHREEX vy JICHNEOBEHENHY . ThThAEE - T—ILFXF—VE—F &
BRYBLZDTHIN.—DODE—FEFYV—OUHEERREHKELTITISATE—FREHRY,
HEYDBHERK a IV VEICKYX vy TOHDIE—FEHED, CDKSIT, — RIS
BEERKRIZEWTEER - I—ILFA =V E—FEBEbhiL,

LALAEAS, PatvITIVYVEIZISAML—2avhbhagakel. HHEOEH%
BT BEICEF Y Y TLADE—RARDLNS[7]. XEK[7IICE VT, EEICHEMLE TS
AbPL=Ya RIZEVWTEF Yy Yy T LRARE—FRABENSZEEZRLEE. NFry v TRITHE
WTIE. N2 RINENIRINDX Yy TLRE—FRABEET S, ChIF=ZARFLD XY
REVRBEDITISAIML—FLEREVRIZBTS2E0IRIILX—KRELRCEARLT
W2, FAOIRILF—REABRDLIZETILIEELEY —BIETDZENTES[8].

CCTIEE. 35—D0ERIRILF—FE—FOBEOLNAIZOVWTEZR D, ThIE. B 5
FICKYBESIADIEAIRLF—FE—FTHBH9]. ERKBIZELVTEBMEIRIILF—
CXvyvThH-TH. PLFICKVZEDE—FAX Yy v TLREBDIELHD., TH
HERLFICLYFY Yy TLRE—F (AB-T—ILFRF=—2E—FR) BNFEESIN D,
COREERIBFELETIVICOVWTHRT 5

S[0] = Adt_z /dd:v (Z(vaﬁ + A2 " cos(6; — ej))

J 1<J
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51 (B8R) XM
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