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SR_EEB IS VORI EBEXRA V- FeSe DBEE{ELEE T 1E

HALKR T &)@ A BHE 2 B
Bl fh, OrERAS K, S E M —, SRR E, KN

Bk R B AR B O i Tl BRI AR A LA 1 FF > FeSe 1%, MBE 751210 SrTiOs(001) F: K
T 1-unit cell BREDBEFEICT L, TOBIREIRBIEE Tc 3L 7 OfE (Te ~ 9 K)
IZHERTR B IC LR 7528 Tabnsd (in-situ TO STM vy HIET Te = 65 K,
ex-situ LRI PIH E TA LBy Te 25K 40 K F2E) [1]. SHITHUT Tl Nb:SrTiOs FE Ak
FOERIZIBIT S in-situ OESHPLHNE T Te= 109 K ELE SN TWD[2]. & Tc D
EJREL T, SITiOs 2HDOE B8, BERLICEDN\ U RigiE D21, SITiOs K ED
BT IFAHEEREMERSNTODR, TRETELN-RE F TOERLMRESN
TWRWeD, & TAb DT OARE 172 41X i TldZew. 22 TARBFSE TiX, FeSe @
B _HBNUUAZ(EDLT) EZFRL, ZOTF A2 EOFR S (I)E XL FH =y
F LT E)FFERNTYI TR =709 2 DO HEEZ HWAZEIZLY, FeSe DO BFE I X
O U7 il 18 A 58 A2 72 [3]).

PLD {£12X > T SrTiO3(001)& MgO(001) JE b (2 pk & &7z FeSe @ ¢ il i iy & 5% (5
J& 13-18 nm) LA A kiR DEME-TFSI Z#l A& 72 EDLT 7 A AZ{ERIL 7=, ‘ftﬂ
REZFE T2k, L) E(ii)DOMREER] 2 25 SR I, sk FE kD&

Ve S KA VE A L VRIS E LT, £ DfE R, SrTiOs & MgO @ [ FEH _:Fob\f,
40K DA BYRTcab 2B 5E 5 10 nm 235 0.6 nm (1-unit cell) D JE W EE O & [ ¢
KHINAHZE, BLOZOBEENINETHE DOH D SITiOs LD 1-unit cell HEE2ERE,
B ’i@ﬁiﬂiﬁﬂéhé’kﬁi‘bb)ot AWEZEDOFE B, 1-unit cell D EJE <2 SrTiOs AR 2
i Te D E LM TIERS, EHICLs T ER ST YU TR —7 XL U ED SR
RREOEANKE THHZ (‘:%TL‘@\ES

[1] Q. Y. Wang et al., Chin. Phys. Lett. 29, 037402 (2012).
[2] J. F. Ge et al., Nature Mater. 14, 285 (2015).
[3] J. Shiogai et al., Nature Physics (2015) in press (published online).
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BER_ERB IS UVCRABEZAVTEGZMMI S LITL Y., B ADORE
CEBRBREBLEGCERBZRIESELIRTREABMIELAGYEZRARICITGEDOAT
Wd, CORFT—FEEZZLSELILETHREARDRAICHEFREINS 2RATE
FEEZHHTZLIEVSMENH D, ABMRTIE, SITIO [TH TS ESZFERE
HBIZEDHZE([12]IEBL. BEERREBICETLIESARICET S EFREDZER
BENKAICTFITLEHIZICEIYVEDELSITELRT HINERBHEICLIYEERET S,

CORIZHEITHREMEFKRERX. EBICLIHALAODRT OO ILICEYH TN
VRERRT S, BROY TNV FAXRBEFREIZES T SH5-H. CORITEM
B2RABFRENMEREINTVWEIEREAT.,. REEBGERKEOESAAOER
BRI 5EHBEZERICEERELTERTAILENHD. £, YT NV FEIC
BEEXvy TOXRETINELLIZT vy TEGEREBAERL TS Z LM
BENTWLENB]. COZEFXT Yy THBENEDLSLHGYEICRBRT EMEHT 0
ENH b,

AARTHEH., EBFICLIFALAHRTUOIOYILOGTDEFEEAZ. BIzEKREIC
DWTIE s KBIEESI A %EME L T, Bogoliubov-de Gennes AFEERIZ &K Y BIZEFK
FEHEREFRENDESHAOERMELLZREL-, ALAHRT U vILIEF
ERSIROBEVEEZZEELBCEBEBRICRE L, HIBOMR L L TIE, R@EIC
EAREBEENTEEEEEZEZA. E— T UHRICLKIEHUERNBENROATER
LEGEICODWTEHEZT o, COKRSLY.,. BEERFEHNINHIGE T S
PRFERAN, BGEORMEFREDRESAAOEKFEEHEOLTI I LI IRILF—T
DEFOKRBEENEISOEKRELT. EQOLSICELLTEINZTHEL, TN
FMEEDZENY FBEEOFEENEDLSICHENALINCODVWTERE L, EHHE
REBEGEDODZNY FBEERBIZE T2 EHIE X RIRNE & R B IE D %)
RO®ENZDOVWTHEERLIZLY,

[1] K.Ueno, et al., Nature Materials 7, 855 (2008).
[2] K.Ueno, et al., Phys. Rev. B 89, 020508(R) (2014).
[3] Y. Mizohata, M. Ichioka, and K. Machida, Phys. Rev. B 87, 014505 (2013).
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Group-VIBBERB S 1 A1) 25+ 4 RIZE T % Non-symmorphic #BIcE

FRAZ BARZEMER 4 RARFELHRE P
AT EREE 4, DR — P

Non-symmorphic Superconductivity in Group-VI Transition metal
dichalcogenides

AGrad. Sch. of Sci. and Tech., Niigata Univ. B Dept. of Phys., Kyoto Univ.
Y. Nakamura® and Y. Yanase®

2005 fEIZ T T 7 ¥ O KBRS IE IR HICIERK (1] SW TSk, 72 7 = v ORDBEIEE Y
MR < OBLEED TSz, IMETIE, V7774 b EARAEEME2FO VI T F A RRERYE
DB — R REE U 723 MER S N, 2 < DIMERMTHN TN S,

2008 4E1Z Ueno HIFEA _EHE NI VIV AR EHWAEF Y 7 — R—=TIZ XV EL2BMBEATH D
SrTiOs Kl LITEBZENER TS Z L 2 A THIOTRUZ 2, TOBRDOFERIZEY ., SrTiO; DD
KETLEBICLDF YV 7= R—T 0LV BEENEHL TV [3, IO IXBGALBEEER L I
N, HEEIC XY ) T —BEEHIET S 2 TR TH D2 EOMWE» L ERE BERON S TE KR
ZEDODTWD, VAT A RRBERYETH D MoSy & EHFEBILEARD—DTHY, SrTiOz K &£
DEWF v ) T —E R E TRRENEB L TS [4],

MoSy TIEKH DM —EIEE CHRASENEB L TH Y, B U7z &> 2R & [ CIRENEBL L T
W3 [5]. MoSy DOXIFREILE DBIIMEE T HAUEL Dy, THY . 70— N R KB FRVE A ATV
%, BERZENZ L2586 BB SR XA AV 7+ Rk c i 57C Non-symmorphic &% £,
DBEAMEETIF 2 M SRR D AT — TN L85,

b I3EEYETHL2ERSBA A AN DT A RKRES L OHERICE T 2 BEEMICOWTHI%E %
fio7z, ¥=x VB IUT Y a NBIKHFRA Y VBLEMHBAERIC & D LE L 72D BEEMHIZOWT)E
Bl 1 NN VT o VTR TICHE DS U, ZOME, BICERFELAZY —< VBRI A Y Y
LB EAEFHOREIZ LY | HAESTH TEH/N) 7 4 BEETH D PDW HMNLEICRD Z L2 FKAL 72,
X HIZE 6D Mo BLUW 25055 1L E & 745 Non-symmorphic ZREEIZ & ) K sUE YD TIEOR
FRAY VB EAEADNEICRE < 2D, Z0HFS) T BEEHNE YD LVCH#FITLEICRD Z &
ERY, F72, WOENBENES L OF Y o B EOEFR A Y B BAE A DSEREIC RIETREIIDONT
Likind 2.

S 3R

[1] K. S. Novoselov et al.: Nature. 438, (2005) 197.

[2] K. Ueno et al.: Nat. Matter. 7, (2008) 855.

[3] K. Ueno et al.: J. Phys. Soc. Jpn. 83, (2014) 032001.
[4] J. T. Ye et al.: Science. 338, (2012) 1193.

[5]

5] Y. Saito et al.: arXive. 1506.04146.
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EEE SQUID BEMEBDBAERIZEIT S
E{GNE EFEROFEMIZDOINT

MEBXZE, KRFFIXZF
MEE, BEHEM

FEEE SQUID A EE (SSM) (&, 2 RIEM Y > TILIZETHFIEmLEIZH LT SQUID
JEAY O Ty TaAAMNERETDHILET, MERD2RTBEBIEETHD. b
NMONEINETSMNOEKRBEZEZEHEBRELT 2BEMLGFIEIC DOV THIE L FHIT
FIT-oTEh, BICEY I 7Yy TaAMILOBKETAMN LN BEREETHD I LIZELD
ESEREHEOHNREZEZEL-EGULED-HD formalism Z&EH L [1,2], BE
FrybrIT—0% EROERBRBRICEVTTHILHBEBEOEBMNAERELNELI L%
RELE. COHFEDRA Y M,
DaIMILVEERPHRLIE-EEROEZIANILDOBKREZBELTEENICKRSD, a4
IWOBKOREBEDONREZZEZLSIV:, KEKBASAINZTHRBEETEEHRIC
Ko2TkRDB, [1]
DEX - HN—ILDEBDOFEBRZITSIILET, AMLDOEETIEHEL, T
IWRETOHILEZKRD S,
D HEMZTOBICOAMIILOBKAFAEOICHELIERHRMTEDOFRIE, /41 XD
RESLEBDEONIHDOHET SIILET, RELGEMZAEEICT S, [2]
EVWSISRTH S,
INETOMRRTIE, BEEOEMEIER TSN, BEREODEEM L FMEICE
LTEBTLETREGHRENEOATUVEN- Tz, TORAIEL, VD EDICITEHZRD
BOMNSERELTHEREITSILICE DT, MERFEMNRBICEILLL TS
HICEWT, BMREZBMFBELTCLES LG ELNFEITONDS, XBETIK, &
HDERT 0BT ZEIZ, ChoDRDHEFEIZTODVTOREABERIZCONT
WEZTOo

S B

[1] Masahiko Hayashi, Hiromichi Ebisawa, Ho Thanh Huy, and Takekazu Ishida, Appl.
Phys. Lett. 100 (2012) 182601.

[2] Masahiko Hayashi, et al., Journal of the Korean Physical Society, 54 (2009) 303.
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Vortex configuration in a Star-Shaped MogoGezo plate with a pin
Vu The Dang "2, Hitoshi Masutmoto', Hiroki Miyoshi!, Atsuki Ito!, Takuto Okamoto',

Ho Thanh Huy '2, Hiroaki Shishido'-, Masaru Kato* *, Takekazu Ishida'-*

!Department of Physics and Electronics, Osaka Prefecture University

2Department of Physics and Electronics, University of Sciences, Vietnam National University HCMC
3Institute for Nanofabrication Research, Osaka Prefecture University
“Department of Mathematical Science, Osaka Prefecture University

Abstract

The distribution of vortices in mesoscopic superconducting plates is expected to lead to the discovery of
novel vortex states created by interaction between vortices and boundary condition. Confinement of
vortices would be influenced by super currents flowing around sample edge, a relative size of the specimen
to the coherence length &, or the magnetic penetration depth A. We reported a series of researches of
investigating vortex profiles on the mesoscopic geometry ‘
of amorphous MosoGe2o (circle, pentagon, etc.) [1,2]. In
this presentation, we focus on a possible influence of the
vortex-vortex  interaction  upon  the  vortex
Figl. Vortices in a concave decagon
by using a scanning SQUID
microscope

configurations. By introducing an artificial pin at center
of concave decagon, we were successfully observing
interesting vortex configurations experimentally. We
found that the vortex profile was affected by the
existence of a pinning center. Star-shaped plate was
designed by the design tool named “Layout editor”, and
our samples were patterned in a desired shape by an
electron beam lithography (EB) technique. Amorphous
superconducting MosoGezo films were deposited by a
DC sputtering apparatus onto a water-cooled Si
substrate and a lift-off technique. The circumradius of a
concave decagon plate was chosen as 60 um and a
thickness was 200nm. In Fig. 1, we show the vortex distribution in the star-shaped plate revealed
by using a scanning SQUID microscope.
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INEHBEEKXICALADEBRRIEZ, EVWCEBFHEEERERBBRIZES
FALAHEDHEEICEY ., BMNRBELEINKEEZRAT 5[1-6], M/MAKRICHAN
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SHELZHER Y. RRIFKXE D, NIMSY
BHEEE Y. AUMBE Y. £FRE Y. 8UK—2 £FE—-2, RER?,
FHMAYD, MEEEY. EHASEY

BIzERAZ 10T UEOBHESE CTREMBATE T 2HEIK. £&E L RIILEMER
(STM) DHTHH. STM THRARAEFH L -EERIF. WEFTHMESZZELSET
BRICEBBAZEZDIERNVCOATOATVSETTHS[1,2,3], AMBIZHN

BREZHFNELEIHIRAREFOREMAET 2ERBEARKEFLFLETAHT
$H5[456]c HAEFEEICESNNGE 2 EBEER YNIBC DEARAEHES(CHIK
BRUNEEGRIAZRLLTVWDI I EZHMEL T B[2], #i5HAE L 7= YNI2B2C
CEVWTHAL-BEERARFOARGACEFRIERMA. BE. HFITXo
T, ENDEDESBHMBERIDBNT D, T, CORRKBFICEEANE
B EEDHARRMDIRAEWVICONTHRRS, BHET. BEERABFOARK
BRUCHRFEESLIVEDEFHICTONT, ARV Ialb—YaVICLbRRZHE
LTWL3,
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AEXIA AKXBEI® AKXI2CNERS, HiIKEH#HP®
FEHEBA A K. Edalati®®, EHESRPC, MARBE " RAEE"S
HE #M° #0O #®° EHakEEP

ZhET, @FE4 LY (High-Pressure Torsion: HPT) MIIIC& > THE L=/ Y F/
AR (1] DBCEFEHERARTER. NULIF/ AFLTIE, BERXRVTHEESBMHIC
BATDAELICE D THBHEZT /AT —LETHHIET DI ENTELIHENBY, F
/RBEBEGEARL LTOBCERMHEICEBLTE. NbDIFE, ERITHITSH HPTMI
(BEEH N =5) Tr~120nm (EHHEFE:2r) OF / BEBEGEKREL B[] COEIXMNT
Al (N=0) OUA XRELRIHEEMMAILINATEY, BRAY A XIELr~580) ITHH
5. MIAICEREET.=9.25K%ZRY Nb TIX, #HRAOMMILBEAFET T, =9.37K
FTCLERTEHIEN OGN oTz [2-4]. Ft=, LEERFRWIT Ho (XMIATICEAN 1.7 FEEE
mydiehn, BEERZHALOTICTSIIETHEEIILRIHMATOD)RABEED
MREEWL TS

ARARTIE, HPTEZINFEFTOLSICHRMOBMILICERT ST TIEAG S, NbT
EEDERICEAL [5], BoNiz NbTi DBEEFMHICOVWTEHRET 5. NbTi &£,
Nb E TIOMERZREMBELTHWTEETHPT NI (H&E%H N = 1, 2, 5, 10, 20, 50,
100) %75 2 & THELE. B854t NbTi[Z2DUVT, SQUID % AL THLG B THEME M(T)
DEEKREHZAELEHER, N=1, N=20RHTENDBEGEEHMEICMZ THTH
[ NbTiDESNRA SN, NOEMELLIZTEEIENES NOTIOESHNEMNT S
ENghotfz. HPTIIIC K 2EE€LDHEERE, N = 20 LT XBREHOCEFHEMBEER
TIIMA T, EHMEREE HoMBEEDBEEREOH AN G LITEIHEL NbTi &M
BEREINTWSI eI >z, TNHDHERIE, HPTHIEAEIRMEOEAIZK > THSE
PMEMMIETESRETTRHLS, MBABTMITILELLREFELBIETCEEEHRTED
BEZEAFREOHFLLWFETHIILEZRLTWNS. BECHIBAERFELHERE VL
OHEMEICOVNTHERRS.

2 & Xk

[1] S. Lee and Z. Horita, Mater. Trans. 53 (2012) 38.

[2] T. Nishizaki et al., Physica C 493 (2013) 132.

[3] &M, BAYMEFEREE 68 AFERKE (27aEM-5).
[4] E 22 BEiAAMEEANRE (2014).

[5] K. Edalati et al., Acta Materialia 80 (2014) 149.
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PDREERNBEEEEE d-dot ITHTHFEHEFRERIC
REI e EOERBN

KRAFIZ AT A
BEAELE S mERS. FERMA

HIZBEEAARI-dot £F., s-HAMEZHODBEERIC, I3 RLGLEOFEAHEEZHEOBEE
REBEORAAEBMPIEETH D, FROMMEICKY ., 2BBOBGEROERTH—F—/113
A—BIZHBEENELD, COMBEEHILOIC. FBHUENBREMNICEL D LM, d-dot D
BETHD[2], LML, FEBEEAXRDRHME L TYBaCu,0, s ZALVHEE. YBa,Cu,0, s, BERD
BWEERICETHIHMEORUINIEET LI LICEY ., FEHBELNELLVGENERIATLS,

BRlIE. RBERICEVLVTx @AREY BARDOKFERNANKDLLIEZEZ. EFOFENEE
DEAMZBELT. 2 K57 Ginzburg-Landau AKX [2]ICMY ANS I LT, ssKEFKEENETAD
T—F—NRFA—FICHTL,BCBEBEFERZRDOLSI2HF 3],

v 2¢'h v 2 n > > ‘
A=y | e AT oy | Do e g e A g | - e s A e A LA
; L) wk, T v, 2m, 2my 900 {4m, 7 4m" v o 2 ;
2e’h 2 2 1
Ay = Ay S oy all S g Ay g | - A a4 e a4 Tara,
! ! T BT ' m, - 4my Y 4mz v 4my vl s 8 2 ¢

BoNTERXNEHOWEZHEBRI, ADEEORFENRREWVITE, PEHE BRI MH D
T 1) % 508 L C V72 [3],

Fio, FHEEORFEN R DA LD d-dot (K1(a) ICBIT2BRERODMEZFTEL
A, BEROmmWE S (K1 ORIED) &, M RERRNELCD LWV ERAIEONT,
(K 1(b)) AFEETIE, LEORERNOL . MEERP FEEWRICKIETEECO W THERT D,

1.0

(b)

R e

0.6

o i
. WO ®

0.00.0 0.2 0.4 0.6 0.8 1.0

1 WEBERZHRY A d-dot (a) B (b) WA oFEM R (o) &\ S A O

51 A (B8) 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

[3] N. Fujita, M. Kato, T. Ishida. Physica C, (2015) doi : 10.1016/j.physc.2015.04.002
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KB FFILKEF
BHEX. M. FHIRE

DAL EABEREIHFREEAMBE LTHEFESIATEY ., BIELBAICTT
HhTWB[1l]l, TOAR. h4 TIILEEABEMER CrusNbS: [(X1BER TEBEEKEN
ENDZEELMESNTLER], COZEIF. BYPELCEB THW -MEINBTE
KEBY ., DAL BAMERE 2BRBREZRLI--OTHLIEEZEZA DN T
5, NAZILOBABERIEIDASVTAZHE>TEY., REVUNEA®IZIES
THLTF 2R NTEINT D, COAMFT) TANBEERIIHEGTREEZE525
CENEAFTE S,

BREBABE~NDEEIZCERZLU T THREZIToDTWS, ZDEHIZ,
Ginzburg-Landau AR X ZAWVWTHEARBEZRANZ WM I Lo FAMERDESZSD
EHMWALZEIICHELT., EFHEEROREICEL T 2 & 0@ % (up-vortex,
down-vortex) R BT S NhEZ ENBZOND, LML, 2D 2 DOBRRKITE
WIZBIARELCL R E=OICHERT D 2T WA IO BABERDESIZKY .,
IDESBBRARDPRURVICERTSEIIGHELE. REICERT DL LGHEE
NFATEDS,

AERTIE., LZEOFRAICE DNV LI aAL—2a3rFT2=0OT., TOHE%
wWET S,

20 20
¥7la 12 > . . . . . ¥/ 10
. L
20 - 20: . '
v N A W NS '\ A A .?.Y.Y.&
0 50 100 150 200 250 100 150 200 250
0.02 [ . [ L A Y A W A N A T \ o f{\ )
0.01 l /\ ™ I/'\ 4 ™\ \ ) mt /\ /\ / '
(:«?;-'ror Ifl \ ,’! /\\. I'f \\\ / \ ;’I! \i\ {r’/ \L / \ [ n.,,.a “:[ ' . { z| [l
“-"1|// .\/; \/{f \\/’f \/ \\ \l _001{/ / \/ I\ /I \\ f \]
n_nzn T T Ttee T ik i —0. ug \/ \ . %{l’l . /250 .
=fks =

B 1 A4S0 ABEROREZNBEBELE LTHRYRAALEAORREE.

51 (Z8]) Xk
[1] Y. Togawa, et al. Phys. Rev. Lett. 108, 107202 (2012)
[2]1 FIIRKEZ E 0. A ARWEL Y2 2014 T RS
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NASNp RBEERDBRRBIZEIT S
ERoBBREILROERMBER

BILAZXZR BABERRH
Bk, mEER, KAH— 0

HBAREIK SroRuOL &, DA L p REBGEEROENEHE LT, BAICHENT
HbhTWb. A SILBIEEARTIX, Cooper O EAEFHE Lz NERDIEZHF
DEOHIC, FRIRENMEOBENZHF - EHELGYELFZESINS. SO Eh b,
Lz DEFHEZHEETSAILED, 1 IIILVEBGEXRKOYMHELRTEHREZIFELILTE
BELGRE LG Ho-TWS.

—hH, DML p KBGEEAXRDBAS TORBAEMET BT L-EEAE
ELTH-MERICKDETHEII, 218HD. CDERITHETIL, Cooper D H A
ST 4THD Lz (=x1) DEFHDENWZRMLT, BRSETO TIIHAELSIE
EFEHEDODIEDNTREINTWVDS. COT1IDAAT ) TaREHEIE, A4F) T14 Lz=
+1 EAE W=+1 OHEERICEST, BLGS502E—LAPENELDH I LITHE
ALTW3[2]l. LAL, ChoZfTHEIL BE—RAREZEEL-BRHBEHNTH
Y, BAREFRECHES TRIXITBSEKEETEE SN TULAL.

ZTABMETIE, BN EANT O TELHEFEBIZAWVWT, 43 1L p
BECEADBRABTRECORBIBENEZERBEN L. ERMGFELLT
X, BAREFIKEZEZEE Lz Eilenberger FEXZECEEBRICHEFETSHZ &
T, Site-selective NMR BIE &M IEN 5 TN BZBEAERAEZTSLTEER
BEHRELGD TV DEBMXIIHEGEREFEHEZEENICEH L. LT, NE#IEOZE
MamICET 25EHERLILL, TV ORAEEE (BRH) KEEE NMR AR ML
ZEHL, IERBEERLE. £, 143 p REBEGEADRANETELES
NEEREFEE Cooper HIZFB L, Ti'DHAS) T4 KEHEEDEFRMEIZDOLNTE
WD

[1] N. Hayashi and Y. Kato, Physica C 388-389,513-514(2003)
[2] Y. Kato and N. Hayashi, Physica C 388-389,519-520(2003)
[3] K. Tanaka et. al., Phys.Rev.B 91,014509(2015)
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HAZNWp RBEEDORBICE T 2BEAIR

RRRFERZR A X EHRE
ROBEIT. INEREEN

% OBRERTITEEED TRV — AT — VD T RV X — A7 — IR TIE
HWIZ/INES W28, Hartree-Fock JHE K URT R T ¥ ¥ v )L O FEBUKFHEIXEHT 5 Z &
MTES, UL UIECRKEBEEIZBWTHE LD RY VY L BT ORBEHIRNGEITIE—
fRizZn o 2 AT &<, Eliashberg AFEAIZ & o THH/RINIZE D Wb BEDE
L%, LnL, ZTNH6DRIZEWVWT, BESOMENEF T U TERRIZED L S 74
B % JFE 3 A%, Ginzburg-Landau(GL) BEGR AN D HIETIXIZ L A E R I N TR,

GL BEIZ X BEITIRIC & B 8. H11 TV p INEEAEE O T RS ST WG AT
EHEENFRME 2D Z &R FRINT WS [1], ARFFETIE, ¥EHBERIZE>THT I
p DT H T 2EEENR 2PN Tz, WS GRISFEEEBUZ T & /) V7R R PR HRAT
MEEATEIEIZE-oTE DWWz, HAET R )V¥ —3 Eliashberg HREAIZRES & U,
Eilenberger /A2 A% B CMEHEE (CHBUAFTHE CHE L B Green BiEZ kD72 (M 1), HR T
H T AL F — PR F IO WTRE 5,

5| A>Tk
[1] T. A. Tokuyasu, D. W. Hess, J. A. Sauls, Phys. Rev. B 41, 8891 (1990).

20 | I I I N 50
1.0 F 1H 20 &
S 00k W | 5
-10 L 14 1.0 %
Ny

-2.0-1.00.0 1.0 2.0
x/&o

1 RTET VY Y VD EESFREZ S D —H#l, (tana = py/px)



7p3-4
HMRBEEFEER FHEBIE B2 D Eilenberger E i & London B i

"HLK lREA. "AIHER BT
THEBE S, REFHRM . BREH, IE—/K°

ab ARE c ARDBEERBRENELGSI —HEAMGTBEERICE T, #i5
DRAZTZEZcEHEDADHTHEIT TS HOMRBRETFEERTFORELILEZERT
5, CORTIE, AIFEBICEVWTHRARICEEGHEBISERAIDRET 5D T,
MRBERFEERFORBER L HhOETCERLZL., MRARBEFBERF(E 4
MFPNAREDBENCTONSD, BHEERSITOVTELHREFIMARIDRE
DIUTHEELTHAIINS, BRBETFRERFOERBHEE. ChFET
London B TITHNTEHA. BERIIEEMITIEML Eilenberger EBERIZ & 5 B
HEZTo. TOHRE. RBLNTA—F2—THEL London BIRDEHL D &L
BLEBZET BH[1],

FI. HENTA—F—[E YBa,Cus07., DIHEEEZHEEL. BEEHBEROEA
LA 4,6,8 XD 3 DODGEEDH2RTIzIILIEZAL.,. BLEXFHEL s K
EAdFED2BYDHEET R, BBELELTIE., MABRBFEERFOMBES|F]
EHRDIF) OHMBAEE (AEO) KEMIZH W TIX, London iR & Eilenberger
HADOHERICEEMNGREVAFEET HH. CDELIE London B THERSDA v
AT ZBALTIE5E London B TIRINTE S, F/-. s KE JRDERDENIE
HRBEEDREKREMENsKE JKTES ZLICERT S, GH. MtA7 &R
SO R=[FJYF) T©T7Ry bT5E. FTRIDK 512, London ¥ & Eilenberger
HAMOER, £, sKEJRDBENRS —HT S, £, SRRUOLZEELEE
Al 60 DIFERIITO2VTE., MEROBRS L UVHPHF/IARELEBROBRIC
DLWTHEBRLTERYT 5,

[1]Y.Amano, M.Ishihara, M.Ichioka, N.Nakai, K.Machida, Phys.Rev.B90, 144514(2014).
[Z]Y.Amano, M.Ishihara, M.Ichioka, N.Nakai, K.Machida, Phys.Rev.B91, 144513(2015).
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RRBAOBBE N EERAFBRICE S
EEERFROESH & BH

X -#E-HyE
EAR 8, AF M1, b X

AEBETHEK, REELXOOD—LUYHZESTCETHRARBRKOERICOVWTHHAT
5, Ff=, COARKICEHTANSA—FCHATIEHERE[IZALE, Y4 X
FT—RKEOMILBRICEITLIES - ERNBZEOHEREZEZHBNT S,

ek, BCERBREOEBMICIE, EBRAERBIIEFESIXOVILT -S0F9A
BRXOEZEMNLETAFRBRXTHIT7AILUON—H—FABKAALLNLTEE, L
ML, ChoDARBKXICEO—LUYANRREZELTEY, m—ILEZRRTER
WEWSHERNH D, O— LUV HEEARLETRAELELT, YLT1vd
AR TEZONEIDOAH B2, COFRBRKEITF—CFERELS, T4 RXF—
KEE[1], 72T v R7B—KRERBDHR—ILHBRZHEBRTETLSIENAMoNTLNS,

RSN -EHTHRARKL2)EL, O—LUYAICE2THFRESNIEBOEREE
LHETEE, FEHREORODEL DERMCEATIMEFIHSESIThhTS, LH
L, REEKXOB—LUYNZELETAAERXNE ChETEHIATIEDL S
fzo TORHELT, FALUN—A—AEBRKICERE - TILTa v ¥EHHT
)—CEAHBEORRBOENERICKLLIERALH LN, XERIODT LT v
BEROAEBKXDODIZE, TRILF— (AR WPENEFET LD, RSN
ELHARKXEIZOBEGBEXZE IHAVEVSHEESAND - =,

ZIT, XHERIUZ&P@MEARBRAXOEHZEZMERKXTITIS> L&Y, ¥—2
TEMFEIL, A—LoYhEEORCRERXOETAAFELXZELE Lz, ZL
T, ME-TILTay 1 EHHI ) —UBEBBORRROENERICESEER
FEZBHEITEST, RMERKICETSEM - EREEORALEBEHRIALICE
BB EMNTER, 51T, XE[ITAHAWLOMZETHR NS A—2ICEHT SESH
BEEICEY, XE[NEBBEDOESDAEXER/EIENTE -, EHOFMICHE
LTIXBEDIBICEDET D, £, ChoDABKXZAVETA R FT—REDHN
ABRICEITSES - ERMEEOHEARAZIZOVWTIHHRBAT 5,

51 A (B8R]) XM

[1] T. Kita, Phys. Rev. B 79, 024521 (2009).

[2] T. Kita, Phys. Rev. B 64, 054503 (2001).

[3] E. Arahata, Y. Kato, J. Low. Temp. Phys. 175, 346 (2014).
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Mg /8y 27 ZRAWL:=MgB, TEA XL v ILEDIERRIE
"TARFIRFEIZRRER, *KRFIKXRESF/ 77T V75— a VBRR
RFEHR ", ZAEX', FARM "’

MgB, [ 2001 FICRRIN-BREBEARTHY, TOBTEEZBEE 7,1L 39 KIZTHE
95[1]. £1=, Mg, B ELVSBTRDANLLRLIEMUGILENTHL-D, TRHBBOE
RO EBERNTHDS. TOROH, 4, BEETN\AX, BzE/RESF 1] GELAGEIC
FBLEMEIZATOATE:. EEFEEZOMMEMIICEFEIATEY, ChET
2 MgB, TEAX v L ERZHETIMYMEAE, MEBREL LFREEZZHAEDLE
f= HPCVD[2]%> "B # B FE—LICKUERBE T 5N FHRIEFAFX S —(MBE)E[3]GE, £<
DT IL—TIZKYBESNTLS.

H <X MBE iXI2&kY MgB, BIRDEEF1To7=[5]. ZTDIE, Mg DHEHT B [2DLY
THEIX—FEoEILK BIERAWMAZBIZLYZEBZITOICET, RRBEITRELED
SYOREBE. BRIEIEFOIRYFUY

DR 4H-SiC E#RDO01)mE LIZ/8vD 3 ‘ —T 7
7EBELTMgZE 30 nmIEAXOVILEE i gé’g e
S, 0 E (2 MgB, % 100 nm S FELT=. 2f P 28 1
~ M

M1ORERICEXRERT. Chicgy S || M i |

0 - - @ aiscER Lo P
#3110 CH, ShFETICHWESA TV S 1k R 1

§ = VEREE T MeB, DIE

flﬂtna?ﬁt R mfr‘t g : 03\ /swf MgB/Ma/4H-SiC
DX VEDOERICEILE. HGonliR 5 R
Tl 4H-SiC ERD[100]gheE Mg ED 0 10 20 30 40
[100], MgB, BE D [100]& AT iTIZHEL T (K)

TWa. F1ISRIRIICERERAEH 1 BEXENOREKRENE. REBERIC
57, =272 KTEBIE0I KDL v—Tt ROBXRETY.

HBZEEBEZECL, tOEREZRIZENBHLOIIZLST .

B AMEIIRAESE FHEA) No. 24684027, EAEHFZE(S) No. 23226019, KIRFF
URZERZRERIEHRM FIRERREMAREDORIEEZS TITo1-.

[1] J. Nagamatsu et al., Nature 410 (2001) 63.

[2] T. Ishida et al., J. Low Temp. Phys. 167 (2012) 447.

[3] X. Zeng et al., Nat. Mat. 1 (2002) 35.

[4] K. Ueda and M. Naito, Appl. Phys. Lett. 79 (2001) 2046, A. J. M. Van Erven
et al., App. Phys. Lett. 81 (2002) 4982.

[5] H. Shishido et al., App. Phys. Express 8 (2015) 113101.
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AEERELEBABTEICKD Fer+yTeo.sS€eo.4 THEF2F vy TEREFHEDORE

HARL
Ao 3 &, IUA B|KX. YueSun., T 54

BREBIEERK FeiyTeosSeos TIE. Fe(Te,Se)BRICKR A% AR NABDC
EICEY BEEABCIFIEATVLS LML BER (1. AL3T Y R1FDHKAR
BEBEK[TTTZ—ILT S EITEY ., BREBIRESAANILIBEEEZTREIIC
Bd.—A.AENGLAIL. BEEX Y Y TOEAUEMIBEALFETH DM,
FeiyTeosSeos ITEWVWTIHEFET HAHEEINBESINTLDH[3.4] COFR—HITESE
BAICEEFNLIBEBEDENIZ LD EEAOND, TIT, ChETHELTES
TZ—LEMZAWSZEICKYBONEREGEFERZHAL T, FeiyTegsSeos D
AERRBLBAETEZTSILITLY. XYy v TOEAMEZRART,

A E B ¥R EL 248 5F (2 (X Physical Property Measurement System (PPMS, Quantum
Design ) O—FT—42—ZHEL THW =, BHOEERNLDEEGEEZH D
2. BHEI—ILFEREGEHETHBICHEREL, SEEZERKEBTL 2KMFEEFTHOED
KOBBLT-, T, #WiFEZ%E ob ANTEHIETELS XD, B1ITRT & 3 ITLHEE
EANY I ZRELRAW:, YO TRV I LBBRLEDREMERLS T 5. #
BREZETETCLICKYARAEHKREBEEFCOREMNMBEZEC L. BB T. U EIZE
mlL-RICEHMZEEGESE, FSHEAETAEZEEUEZEYRST ZLICELY . E
EDOREZEOE, O TIZETARAERRZE2ICRY ., BEIHKZTSICHRELE
FeiryTeosSeos TIX. 32K ICEVWTHELGLEBOAERSFFTHEAS G, ZOHR
EREEZ. WOYPHEAETHER LR LGN GERT D,

0.10 T I T I T T

oxygen annealed

0.05 0.5

T=372K

0.00

-0.05 05

CIT-CIT(180%) (mJlmole)
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b—r—i
|
/
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o
o
(%) 010V

-0.10 ! | | | ! | |
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angle (degree)
2 Fe1+yTe0,6Se0,4 Iz d:s H' 6 T=3.72 K, H=9 T
TOLBROEANEBAEKREN

1THRELFERASRY D

2% 30k

[17Y. Sun et al., Sci. Rep. 4, 4585 (2014).

[2] Y. Sun et al., J. Phys. Soc. Jpn. 82, 115002 (2013).
[3] B. Zeng et al., Nat. Commun. 1, 112 (2010).

[4] T. Klein ef al., Phys. Rev. B 82, 184506 (2010).
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HEREBEDBEERK KFe,Se:

ME - MHTEREE
=SHEE. YURGHR, B

BIRIEEY FeSe (FEETICEWVWT Tc~10K THRIZEBEBZ R L. BENT TIL.
RARITKETTCHNLERET S, BETEHERLICEB LI-E— D FeSe BA. #3100
KYV9SADBEGEEEZRITEVWSIHELHY . FeSe mMEFIT HILEMIE. REMDATEE
HEMDT-METH B, 1=, FeSe BREICAUDLBETILHAIVEIUVTILAUL
MMEREHRALILAEY AFeaySer 1 30K B FIFAOKENDEWTCEED Z D
5., FeSe MIZHKB T HIBEGELETFREBLOWMKICHEKENAFLATLS,

—hH. CNFETD KiFerySe: DAESERLEF P (ARPES)METIF., T—IF
BEANY FHEMSDFEICRLT, EF 7L @OAMNEIAIATEY., TUL
FoJ—ot o8 —I2B T R—ILITILIENGVEEDLATEE, §hbhb T
DEAIZEDICETILVIZEINE, BRERREGEBARDS Tc KBRICEELLEEZDL
NTWBER—IL - BF 7ILIEMORRTAVINFELEWN), COIEMDE,
REODHRBGCERELIIELSE Tc BRBGEARELTHESERRLZ., O
BEZELEFEELOEEENBRINTLDS,

BrIE,. FYRELGBEEREZEHTHIEMT,. TVRATYTE+IIVFEE
ElLtfze COFXRIZCKY., BRETIVIVUFLERBOBIERIZETSY—ILT 1Y
G259 aVFBEEICEMNLIz, — ATV IVFLEVKBTIEEL Tc ANER
Shtz, ChoDEVWEZRFILIZEZ A, BREXROHEBICKELEVLAENT,
BETHEH,. HFICHEREBOBEGEERICOVWTHLCERLIEZVWERERS,

® 1. 300°C(a), 200C(H)TY IV F LI-BERERZORFEFH

2 & Xk
[1] T. Ozaki et al., Europhys. Lett. 98 (2012) 27002
[2] M.Tanaka et al., arXiv:1504. 04197.
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How does a small Pakman eat vortices?

Ho Thanh Huy*?, Vu The Dang?!,Hitoshi Matsumoto?!, Hiroki Miyoshi', Atsuki Ito?,

Hiroaki Shishido!?, Masaru Kato!# Takekazu Ishidal4

!Department of Physics and Electronics, Osaka Prefecture University, Sakai, Osaka 599-8531, Japan

2Department of Physics and Electronics, University of Sciences, Vietnam National University HCMC, 227

Nguyen Van Cu, District 5, HoChiMinh City, Vietnam

3Institute for Nanofabrication Research, Osaka Prefecture University, Sakai, Osaka 599-8531, Japan
“Department of Mathematical Science, Osaka Prefecture University, Sakai, Osaka 599-8531, Japan

Vortices tend to be exotic in configuration when the size decreases from macroscopic down
to mesoscopic scale. This is due to the competition between an interaction between vortices and
a restricted boundary condition. The Meissner shielding currents circulating around the sample
edge yield to confine vortices in a tight space. The vortex states appeared in a symmetric disk

have

been investigated both theoretically [1-3] and

experimentally by Bitter decoration technique [4-5] and by
scanning SQUID microscopy [6-8]. It is known that the vortex
arrangement is primarily specified by the influence of the
symmetric boundary condition. Most of studies have focused on
vortex states of perfectly symmetrical disk to date.

It might be more interesting to introduce a sort of asymmetry or
a defect in the small plate. Vortex configuration should be
strongly modified by the presence of a deficit. We present our
experimental studies of vortices in a circular plate with a sector
defect (a Pakman-shaped plate [9]) observed by means of a

scanning SQUID microscope (SSM). Each vortex is supposed to R AUD % T

enter a superconducting disk through the defect due to a lowered

energy barrier at the boundary at the deficit [10]. Figl. Vortices in a Pakman

Figure 1 shows vortex images of circular MosoGezo plate of 65
um in diameter. Vortex configuration evolves upon increasing

plate by using a scanning
SQUID microscope.

the magnetic field. Systematic results are compared with
theoretical calculations.

This work is supported by Grant-in-Aid for Young Scientists (B) (No. 26820130,
No0.26800192), Grant-in-Aid for challenging Exploratory Research (No. 25600018, No.
15K13979) and Grant-in-Aid for Scientific Research (S) (No. 23226019) from JSPS.

[1] B.J. Baclus, L. R. E. Cabral, and F. M. Peeters, Phys. Rev. B 69, 064506 (2004).

[2] L.R.E. Cabral, B. J. Baclus, and F. M. Peeters, Phys. Rev. B 70, 144523 (2004).

[3] V.R.Misko, B. Xu, and F. M. Peeters, Phys. Rev. B 76, 024516 (2007).
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and S. V. Dubonos, Phys. Rev. Lett. 99, 147003 (2007).
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KX - #exXit
BTEZH, SREZXE, FBRE— SHER

B a4 REBARER FeSerxTex (T ~ 15 K) (ATl 11 7)) 13 8RBz E A
OF T b MG E LD D, M, ISHAMEOmE N SEH ST
BY, BAWIIHERED LTS, b E b EORBEBEEBIREX, ok i
BEELER L TCENIFEERLSIERVLOO, (DIFEFITHWENEEZRT, (2)
BRa 2 FDA X —H L —2a URARETEDORER Te ~ 45 K OBEENHE S
NTW5, (3)SITiOs R o HFE 7 EIRICE W CIRIEEFRIEE 2 LBl % iR E Tl
WA RBTABELNBH S TS, Vo mHEIL, ZOZRMNIERICE VB
BREORT V¥ VEROZEERBL TS, LN -> T, REDRGBEHDE
X REBELBEREFFO, LD, KRRAORMKHIWENILEZITH ETRE A
s L 7p o TN DDY, FE4) %EODF’?E'ET&)%) bbb, TeE2x2N 01205040
MR E I B W T, SO Bz oA 2B/ e nTERN
EWNI T ERENT cEFL%z}/L“C%t. Fex L, FEEM T 1 R TR A T
ZFIH LT, FeSeixTex DFEBEZ Gl T 5 Z LITEIL, Z D% OH LWEB{RER
BIREMKEZER L (K1) [1]. 20T, 11 2O RFIHIEFFFEN TR - 7=
DT, BIEDOFEMER2 BT, BE, ETEELBZ E)IEHIJ@K{)IL{ZF’%F‘F@
EOEEFHH - ML TWb, ZOFET, BEEHAZLOEENEY 7 2% ABD 5
TENTE, XY UYERELZLIESERE L XTI SBRILYEIEEEER),
B ERBEEE THL M TEX 5[2], FeSeosTeos IZH T HHERRIL, TcL b»
R EWVIRENSBEMAEEENERK L TEBY, ZORPBEL LR KEREEY
ROZEEZALTWVWDL I EERBLTWD ), Tc iR BKT B E2RET S5 L9
RIREIZ AR LN TR (5 TR [3]. Y HIZZ O OFEHIS, BRSO R GME,

WK GFERE b EDbY CEWT 5, W 12
| o °, FeSe, Te, on CaF, (x ~0.4) |
0.8} ::: .,"' 19
[1] Y. Imai et al., Proc. Natl. Acad. Sci. - Ry * 0.1GtH 1.5 GHz
F e ® 0.15GH:z L15GHz | g
USA 112 (2015) 1937-1940. Pt i | u
[2] T. Ohashi et al., Phys. Rev. B 79 "g S v Am
(2009) 184507, 35 % U'% Bl il ik, = soan ooean |
[3] MEAB &, HAYH Y 2015 g L, W
0.2
FHF K= 17aDB-14. i 1o
$°88.2,
0.0 |t ST o O 00U 1380008,
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2 )\ RRICH T D BILERSE DHIEADHR

REPARFARF e EFAFTH
JBYIR5E. SBHEET

Meissner IIRPPESIEIIDER EW DTz, BEEHEDE UVFHIE. SRRE To UT
THEUCEFHOFHEICKD THIAESN D, EEEREICHNTE. SBRERE (T2 TH)
Tl(& BULVEMESE(CKO T, BROFm - HEREZEOZEFHUNEL DD, ZDOLDI(C
FERINTCETF (& BLEDFIYKIARE U TRBEERMECESEEED LR ESISI’I T
CERMBNTWB[1], ECATEIA 2/ RRIEEEZIBNTLVS FeSe (CHUWLT. IF
BICRERREGHERAED EENSRENTHED[2]. INUE 1> RRICH T DIZEN B
GERESZTDIEFCTIEFHBATER. TZT. 2\ REEERET D ETTORREIEMR
TEB3NESHZRECTINENDD.

CDESBE=EDTF. H4 (L Ginzburg-Landau EFI)LICEDE, 2/ RRICHIFTDE
(REIES T DRBMHMENADRE R ANz, TDFER. 2/ RRTIE. 1/ RRICHEA
TRERBHAEDNEC S D EM DM (K1, K2), BETIE. ESNIEROFMICH
Z. iR FeSe DEEER EDEGMHICDVWTEZMAI DFE CHD.

_ 0 — 0
5 0.0005 | nf
< 001 | 7 & 0%
& f s
= 0.0015 | = o1}
3 -0.002 [§ 13
< -0.0025 e B '
= -0 h=0.001 —— = t=1.2 ——
= 5003 . (iband) - S gl ES— -
1 11 12 13 14 15 0 005 01 015 02
T/ Ty H/ H.(0)
1 REMHME M OREAEHE (R 2 [REEMAREAE M OBESAEFE (EER) .
1)\ RR (BHR) ELERTRSIRREEN 1)\ RER (R) S $FICERE T
U3, (h=H/H:(0)) BN EFTD. (t=T/ Teo)
SEWA

[1] W.]. Skocpol and M. Tinkham, Rep. Prog. Phys. 38, 1049 (1975).
[2] Kasahara et al., preprint.
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RHE—. IR, BERSL. FHHMA

&ITH < (X Bi,Sr,CaCuy0g.y (Bi2212) BFERICHAB SINLBEHRF a7V U ESE
Z7A—TJELT, AVYRAEYYH A4 XD Bi2212 ORAKEFREGLEICDOVLT
AR, MBEBREENAMBELEELITRITIRREZREE L[1], Thldx, &HH
BREBABFORODEEMEZRBRLE-BETHIEEZON, AHOY 1 XOR
RELEZDZLET. RBOBFINELLT D, EARBRKRTIE. BRENSFEAKG i
FEHOMEICEVNTHMBELEENEERIN[L], RREABRFIEAEERKE
RYvFUOTEREITELSICEZS, LML, RLIICRT &SI, ¥2aL—Y3y
TORAREEFIBRH25RXLYMNL I TIZEARFILEAIRD S, FETIL.
RIEDQM/ Bi2212 ITHE T 52 BHERER]CEBREE D EZESBR[3]4 E & D EE
5, BREEEMBEBOBERICOVTERL =LY,

[1] S. Ooi, T. Mochiku, M. Tachiki, and K. Hirata, Phys. Rev. Lett. 114, 087001 (2015).
[2] M. I. Dolz, et al., J. Phys: Conf. Ser. 568, 022010 (2014).
[3] N. R. C. Bolecek, et al., J. Low Temp. Phys. 179, 35 (2015).
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BARZEBICLEFRETERR L HER

RIKRET
KEE &, A R#E, HELER mEEH, D. Mihaly, € FE—

TUHELRE DR T oy VO T TEIRICEAB D Z A TS &, BT
J&, depinning, plastic flow, tearing/fk$, & % i3 slip/EE#2[1], avalanche % {5 #4
REGNEZ S, TNODOBRITARR TR BRI SN, TOMHOMPIIEZET
HobDDOERMITIIES TRV, BLEEWMARARITIINODOERZEM L7 DD X
WEBRZR LD, TxITWMAZTEHNT, HlH SN2 EAE NI K DT DM
4% : plastic depinning <° plastic flow 3L 5:[2], & D WX OMRER & LT, HLHEZR 7 % 5E
O ORTFIRK © 7 v & ML SCE B AL B R ICET 2 FER A ED TV 5,

AKFEHTITBRE DL A TOBRIZET 5, RiBE SRR TR I
HIE T B S L JE PR ICE T 2T DOEREZRET 5,

(1) BHAEESIAEBRRICETAAE)—HE

BN ELZ b OWMA R ZMEE S5 L, AEBEZ#D KT 5 HIZ
AR OMEEZERET 5 X DIk FRED B b L T 7 o2 Lk b
MEZ 5, THETIZTFHR AT, R ENRIE 2 245 & LTT@Kﬁi@%% (RIT) @
FEEZRLTCEZ[Bl, EZATHWHIRED DN i%}h TV & R R BE oD i R Bl B
WEOHBEREEOERZILBE L TCNDLHZ NV Iab—Ta il FHlE[4],
anA FRBIORIEOHE 2 DA RORRICKVER SN, S 51T, WERE
IBTAAEY D ROFELREINTEYI[4], BEZOBMEHEL TS,
(2) EREEEIRM™ 5 R 1=RIT OER A

AR AW RS S E7REBTRMEE 2 EESE L2 &Ik D, WEESR
TORIT OB ZRHATND, WHEBRBE ORI, EHNE D oD & e
Jt&btfj'bu%@ﬁféﬁ@%% ELTHND, TORSE, WHERE R T IFEHRE L

HEEERD RIT OBRBGENBR S N7z, 7272 L, BABRICITENDR A b T,
(3) RRERENZ &L B plastic depinning 58 D 1R EE

I E T, EERENC X 5 I plastic depinning $58 O 1FE Z ok L C & 72[3]
S, AEULERENC K D RREEIZ R o T, RIEEEI DG IZIZEIE VILO N5 E D,
depinning #5528 A Bk 4% & i L[5], B -EERE I VB R T v ¥
NDZE A X KB LB EREENBND, ZNODREZE LR, &
TERENIC X o T b FEFAT plastic depinning #5% O R L 4 R L 7=,

[1] A. Maeda et al., PRL 94, 077001 (2005): [2] Y. Kawamura et al., SUST 28, 045002 (2015).
[3] S. Okuma, Y. Tsugawa, A. Motohashi, PRB 83, 012503 (2011): NJP 14, 123021(2012).

[4] Nathan C. Keim, Sidney R. Nagel, PRL 107, 010603 (2011).
[5] T. Nojima et al.,JPCS 150, 052189 (2009): D. Perez Daroca et al., PRB 81, 184520 (2010).
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BEEEARDOBLAOEEBOHEMNIE. BHRMIZIE, Gorkov AREXLGT EDHMBANL
L X)L Eilenberger AR 4 & @—%Eﬁiﬂ ifi . Ginzburg-Landau ARG ED TR R,
BMAREZHMFELTHRIDFENAFE. ZHOBROTHEY L TLESIERNLGE
. [CERBHIZHEINDS, FEICZHORBALRZHRVL. D OBELXDBLRDEE %R
R5E=HIZIE, ?ﬁb%i#r%ﬁbfmé BRIE, COELEGRFHNFE
Z.WMLEIDILEEZHATLD, F—I2, BRREBICESIRBOVRLEZEDIEEIC
J:%)/mr’jﬁﬂwﬁij’c’éﬁi"))\ﬂ%) Lo, BIIZ, BREFNAEVEEIC. BEEGEE
FHLBIGEEFADOEMMNABAREEICEWVOMGEWVWI EIZKY., BRRBICELS
BESIAHEEERAZRYANSZE. THDI1],

EXABRXELTE.UTOLSLBRAFHIANZFEDOAEXLACESFEXZAR
BERETHELLD, ol BEHEEERATH S,

d’; v imp
TIE:fd:"".ﬁ +fpil +f;H +fﬁ

z(az:fT} + ci/'T.i) =0;

J
fRi = _grad‘/cond (r)|,:r’, s

CDEIBHBREINE-DFIANFZEEZFALT, BRBFOERELELLZHRAT=, H
ELT, HIZE., BRAZABRFRICEALZEC AN G, RELEFEEDBIC, RE
[CERGIMIBML TS HRFZERL T,

BABEOMEEHAOEAMZRY ANTE-AEICOVWTEHRETSIFETH S,
51 (B8R) XM
[1] M. Kato and O. Sato, Physics Procedia, 65, 81 (2015).
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Enhancement of critical current density and mechanism of vortex pinning in
irradiated FeSe single crystal

Yue Sun®’, Akiyoshi Park!, Sunseng Pyon®, Tsuyoshi Tamegai!, Ryo Kobayashi?, Tatsuya Watashige?,
Shigeru Kasahara?, Yuji Matsuda?, Takasada Shibauchi®, Hisashi Kitamura®, Tadashi Kambara®
(*Department of Applied Physics, The University of Tokyo, 2Department of Physics, Kyoto University,
3Department of Advanced Materials Science, The University of Tokyo, “Radiation Measurement Research
Section, National Institute of Radiological Sciences, *Nishina Center, RIKEN)

Iron-based superconductors (IBSs) display some fascinating fundamental properties for applications, such as
reasonably high value of superconducting transition temperature, T., very high critical field, Hc,, and relatively
small anisotropy. Among the IBSs, FeSe attracted much attention because of its unique simple structure, which is
advantageous for both mechanism and application study. In this presentation, we report the successful enhancement
of J; by introducing of point and columnar defects into FeSe single crystals for the first time, and the detailed study
of vortex dynamics before and after the irradiation.

To introduce point defects, we irradiated FeSe single crystals under 3-MeV H" with a total dose of 5 x 10%
ions/cm?. After the irradiation, the value of T, is almost unchanged, while J. is enhanced more than twice. The
scaling analyses of the vortex pinning force based on the Dew-Hughes model prove that the H* irradiation
successfully introduce point pinning centers into the crystal. We also find that the vortex creep rates are strongly
suppressed after the irradiation. Detailed analyses of the J.-dependent pinning energy based on the collective creep
theory and extend Maley’s method manifest that the H” irradiation enhances the value of J. before the flux creep,
and reduce the size of flux bundle, which will further reduce the field dependence of J. due to vortex motion.

To introduce columnar defects, crystals were irradiated by 2.6 GeV Uranium with matching field, By, ranging
from 1 T to 8 T. As shown in Figure 1(a), the value of T, is gradually suppressed with the increasing density of
columnar defects. On the other hand, the value of J. is obviously enhanced, and can reach the value of 2 x 10°
Alcm? at 2 K under self-field as shown in Figure 1(b) and (c). After introducing columnar defects into FeSe, the
magnetic hysteresis loops show a dip structure around self-field, which is similar to the case of IBSs “122” phase.
On the other hand, the decaying rate of J. with increasing field is also changed after the irradiation, as indicated by
dashed lines in Figure 1(b) and (c). Besides, we also compared the vortex creep rates for the pristine and irradiated
crystals, which show that the vortex creep rate is suppressed after Uranium irradiation.

T T T T T T b 10° T T ° T
(a)o_ ' 1 ( ) FeSe (C) . Fese ~

pristine - ——— Ty

20r FeSe { “ & S
o Uranium 1 . N :
~ 0% i odiated T | L
o irradiated “ ‘\ “mpristine
S 60} | Bo=1T 1 !
2 o Uranium
B : L irradiated
M Bo ot L-—m 2K 4K
-100- | 25K —®-5K
) ” . 3K —m—6K
50e o -
120 L ; . x ' '
2 4 6 8 10 12 . '
Temperature (K) H (kOe) H (kOe)

Figure 1. (a) Temperature dependences of ZFC and FC magnetizations at 5 Oe for the pristine and Uranium
irradiated FeSe single crystals. Magnetic field dependence of critical current densities for the (b) pristine and (c)
Uranium irradiated (B = 2 T) FeSe single crystals. The dashed lines show the power-law decaying of J;ocH™.
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Enhanced flux pinning in Bay ¢Ko4Fe,As, with splayed columnar defects
'Dept. of Applied Physics, The University of Tokyo, *Nishina Center, RIKEN

Akiyoshi Park™, Sunseng Pyon?, Tsuyoshi Tamegai' and Tadashi Kambara?

Pinning of flux lines by defects is the key in establishing the superconductor’s maximum
dissipation-less electrical current density, a fundamental issue of technological interest. Parallel columnar
tracks of defects artificially engineered into the superconductor via swift heavy-ion irradiation on the
other hand, effectively localize flux lines to columnar defects, forming a Bose glass phase in which a
substantial increase in the critical current density (J.) has been observed [1]. Moreover, it has been
proposed that the J. could be further increased through dispersing the angle of the columnar defects,
giving rise to the splayed glass phase [2]. Here, we report the enhancement in the J. of Ba; (KFe,As, (X
= 0.40) crystals irradiated with 2.6 GeV 2*U ions in a splayed configuration, surpassing the J. of those
irradiated in a parallel manner. Specifically at 2 K under self-field, the J. of those with a splay angle of
+5° exhibits a value of 17.7 MA/cm?, 11% greater than the J. of those with parallel tracks, while for splay
angles of +10°, +15°, +20° a steady decrease in J. along with increasing splay angle is observed,
indicating promotion of flux motion (Fig. 1). A similar trend has been recognized in YBCO crystals
irradiated with 1 GeV Au ions at various splay angles [3]. Through this presentation, we will delve

further into the possible pinning mechanism taking place at differing splay configurations.

[1] D. Nelson et al., Phys Rev Lett. 68, 2398 (1992).
[2] T. Hwa et al., Phys. Rev. Lett. 71, 3545 (1993).
[3] L. Krusin-Elbaum et al., Phys. Rev. Lett. 76, 2563 (1996).

: : ;
2.6 GeV U irradiated Ba,.K.Fe,As,
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Figure 1. The temperature dependence of the J. at self-field for Ba;KFe,As, (x = 0.40) crystals
irradiated by 2.6 GeV **®U ions with various splay angles. The inset shows the self-field J. at 2 K as a
function of the splay angle.
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REKXF HBAEXEHRE
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WMEBEPOBCEAPICELIEFRACMERRGZEODEEICZORHMN KB
Ehd, TP AEFBIAFTIHVRZERBTICLRBCEEHAEDORIEVZEE
THLTEETHD, BRICEPDICTE T EHFEMR (charging effect) [FR—ILFE
EOFENEHSATEY[]. ARELYEREGCEBAZSHEICIRECSEEFAD
HFEIRNFERSATLS . AAE REMULBCEORFICLKIFEDR[2] ».
FUSLRTUOS YN ELTERLUL-FEEFTHDICIIFTENRDOEIL[3] A
BdG ARXIZCE T TERIATL S,

—A5T. FHDHBRERS ICE—RICTV—CEBENBELTEY .. BEEETF
BICHTEIIDESLRMAELTRFALION—FH—FRBKICKIELREBR
NEERAVLAS, COBREIEMOBBNGEECDORT—IL(~E) ANRFRER(~
k') ICHRTHSKREVBAICRYTAERTHI M., LROFEDROKR—NLE
REBROICENTZLVEWVWSHENH D, FEDRZEBRT 5-DICIE UkeE D
MEZMYAALBRESAEZFABXEZBH T EILELNHY., COLKS5GLEHHRERH
FaF=2[4] PAB] SICE>TERESATVWI . SSICCOERZIIFEFEHRIC
BRTAEICKY, BEFRFATEIVRDER—ILPRADFEZHENLEHEL
SERBIENTED[6], AARTIEHCOILESIN-ETHEBEBREZANCT, £3d
BRECEEFRICETI2FHKEBEOMEZREMICHENT L. UkE MEEIZCDINT
AR, BETCEFENRICHTOIFMNOEBLTONTA—FEKFEICONT
BETEIFETH D,

2 & Xk
[1] D.I. Khomskii and A. Freimuth: Phys. Rev. Lett. 75, 1384 (1995).
[2] Y. Chen, Z.D. Wang, J.X. Zhu and C.S. Ting: Phys. Rev. Lett. 89, 217001 (2002).
[3] J. Lages and P.D. Sacramento: Phys. Rev. B 73, 134515 (2006).
[4] N.B. Kopnin: J. Low Temp. Phys. 97, 157 (1994).
[5] T. Kita: Phys. Rev. B 64, 054503 (2001).
[6] T. Kita: Phys. Rev. B 79, 024521 (2009).
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AKBETIE, THRKEBORBRICFESNLIBEGEOERNEEDAHTLHELLHER
[CDOWTHET %, TOHEICIE, Lorentz AZETCHEBADELTBRARELZAL
f=»

BnEBRKEBOERITEICIE, F—HRRZBHIL5QOICEL-ETHERNK <
FAULoh T %, Ichioka bld., BEMGERTMAIEKXTH S Eilenberger A %
FAWT., AN Fermi @ZHD 2 Rt d KBEGEEARDODBLRBEEZHLOMIILE:
[1],[2]o LA L. Eilenberger AREXIFBEEERICE < Lorentz NOMRZEY A
TWEW, - T, RRICFEINIBEOLCERMEZHET LI EATELGL, Ch
HbNDEEZEZZITT., Lorentz hDHRZMYAAZETRAREXIIRE SN1=[3],
EoIT,. COARBRKXEEAML Fermi @E T RILF—F v v T %D Meissner K8
[CERAT S E. BEHR—ILBRBOFSRENRECLSICENHBRESNATLDS 4],

UEDRITHREZBFA. COEBRETEAMG Fermi @BZHFD 2 Ru d KEIRE
KOBARIEAL., FEBDIZCFESINLIESLENEEDOERBELZ S/, &t
BEOFMIIBEDZICED.,

51 A (B8R]) XM

[1] M. Ichioka, N. Hayashi, N. Enomoto, and K. Machida, Phys. Rev. B 53, 15316 (1996)
[2] M. Ichioka, A. Hasegawa, and K.Machida, Rev. B 59, 8902 (1999)

[3] T. Kita, Phys. Rev. B 64, 054503 (2001)

[4] T. Kita, Phys. Rev. B 79, 024521 (2009)
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RABREXILL!, RAEEZRMRAMYPEFFER ?
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HIEIDBARE[L]. EBOBARAYEBEZERR]ICHKES. BEEREMEFHRBICHL DN
DHEBIZOVWTHBICEKETS2X OV ILYT - SUADBEBRICEDVEHRIZON
THRET S, EFRIIMIDDINZEZERZELT, EFBREZESCHEBICHIECEEF
EBEICODEENETIEIEREZAHVWS. COEEMN O HFE L T.EEED force-balance
BERX[B4VNEMIMBL. THEBRAAEZTRIZCANDAEBEETEEHIZH D RHE
[ZWDBENELTERESINTLD, CNOEZDODEENCOEZNDEZEMEETRL
TW3,

ETRICMDDEZADS>L., BZEZETCEBICHKN AT ES) = Z BKE) S (driving force)
EtHGTE,. BEBADEFEELE LTEHRAENENLGLIO EHERETVVILOREA
B RAKE) CBHENEIDO (Maxwell DISATUVILORERES ; BKE) I
KDL DDZ O HD, COZODDEFEEONVWTNHANKEMANBIZTHNSERE S
[CDOWVWTHDINETODEREAND—DOTHD,

BEMEFiAH (Hcl fHhEDHMBT) O flux flow DMBEHERD S5 5. [3,5]TIXiEE
FLEEETIHAANICETEIIDDODYEVNEEZTVNT,. ADZFOADFEER %0
E—LUVRARESEKLYEETHERVLDA. BARAKYE T EBVWKREEEZ TV,
bhibHn(E. ZTDEE(EKREKAV)DRAEELHBIEDEINETNDETEFTMET 5 L.
MREIXREED O((RIV))THYI[2]. BANERAENFEHNATHISIZLEZINTE
TIZHE L TE[1.2], SEbhbHNIER~-A, R>ADGEICHESHZEZNLIT TR
KE. MKEZFFML-. TOHER. BEH (REELHEKEDOH) FRICTIKEFL
BOWHD, BFHIOMEBHEHEIRICKEFET A ELEZREE L, R>ADMEETIER
KELHMIENRREICGDS . EELBRENAXEMICESIRIEIFEZLG, 1=,

[1] MNEEEES . Chung Chun-kit “E{ZEEFRIC1125 7" E2l1ERARERNRE.
(2014 £ 7 A, ER%).

[2] MNEEEES . Chung Chun-kit “FFfKFETL2F Y70 - T 02 v #Hm a2 v
BB — R I NOBE” BAYEZEMERR(015 59 A, B
AKF)

[3] A. T. Dorsey, Phys. Rev. B 46, 8376 (1992).

[4] N. B. Kopnin,Theory of Nonequilibrium Superconductivity (2001, Oxford Univ. Press,
Oxford).

[5]L.P.Gor’kov, N.B.Kopnin, Soviet Phys. JETP 37, 183 (1973).
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Phase-Sensitive Quantum Properties of Majorana Quasiparticle

International Center for Materials Nanoarchitectonics (WPI-MANA)
National Institute for Materials Science (NIMS), Tsukuba, Japan
Xiao Hu

Like electron, Majorana particle is a fermion, but unlike electron, it is equivalent to its
antiparticle. Proposed by E. Majorana in 1937 in order to explain neutrino, its existence as
an elementary particle has not been confirmed so far. Recently physicists are excited by
the possibility of finding it in some topological quantum matters. In this talk, I will
discuss progresses and challenges in search of the Majorana particle in topological

matters.

References:

[1] H.-M. Weng, R. Yu, X. Hu, X. Dai and Z. Fang, Adv. Phys. vol. 64, 227 (2015).

[2] T. Kawakami and X. Hu, Phys. Rev. Lett. vol. 115, 177001 (2015).

[3] L.-H. Wu, Q.-F. Liang and X. Hu, Sci. Technol. Adv. Mater. vol. 15, 064402 (2014)
[4] Q.-F. Liang, Z. Wang and X. Hu, Phys. Rev. B vol. 89, 224514 (2014)

[5] Q.-F. Liang, Z. Wang, and X. Hu, Europhys. Lett. vol. 99, 50004 (2012)
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JIEHR A, BABE

FROCHIWLBEEROEFRIZHEITAIIASTEREKE (MBS) (&, s EH5DEN
I L TCRELBEFHEADCRHATESAEENTEZED TS, BHEMIZIE, X
BTAIYIREEFEODMRODHILIEZE (T) [HEEDIRICKYEHAELE: s-REBIE
BNEFi/EIZ MBS WIENAEEREIN TS, ZLTEE, CORDEEELT, NbSe,
HIREICHREET BiTe; BEOEER M RIVEMEB/ D% (STM/STS) HIEHTT
PATVNBM]. TIOEEXRHMICEA AT ICEY, BEABMESICEM T RN
LOBRLASOEMETRLE—ICHT IR V FTRELZOICHL, BENEEIC
[FYFREGHIIENBESN[1]. RERMLGRERICIEZE>TOLELAD, COBRKRELR
MBS DHBEDBET BN A HHEIETREHERTHD.

ZZTAETII Bogoliubov-de Gennes Ei#%
BAUW-HERZFZERICEDOVT, BRABIZCEITSE
FTiRBEZE (LDOS) DZEM-IRLF—NHEER
T 3[2]. ELTEORKA, MBS OHERIZHE-ST V
FRALY FERAZTRTHIEEZRL, EBRMICIRZ
Shit= Y FE LDOSH]DBI DESIZ MBS hHDH
ENBHBIEETRT. I, REV 7Y TR A EST DY
Ko DL THELNT-HX LDOS A, ARIZREN
BESBFIvh—FR—FEEREZMRTHIEFHLH
295 TAIRIILF—TORE/XZ2—2IEMBS D -
BEASOETHEEERBRLELOTHY, T— R E/Ag
HBIREDIRFERAEIND. DFYCOFERIX, REY H. #xt LDOS AT S, F
fRi8 STM/STS EEB(c&->T, E—DEFHREELLT YATR_FRE. MdhcEma

MBS %#& i T= 5 Rt &R T2]. ;ﬁgﬁf&'g‘b‘bwﬂﬁﬁﬁal
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[1] J.-P. Xu, M.-X. Wang, Z.-L. Liu, J.-F. Ge, X. Yang, C. Liu, Z.-A. Xu, D. Guan, C.-L.
Gao, D. Qian, Y. Liu, Q.-H. Wang, F.-C. Zhang, Q.-K. Xue, and J.-F. Jia, Phys. Rev. Lett.
114, 017001 (2015).
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8p2-3

First-Order Phase Transition between the Meissner and VVortex States
in Two-Component Superconductors

Yinternational Center for Materials Nanoarchitectonics (WP1-MANA),
National Institute for Materials Science (NIMS)
2Graduate School of Pure and Applied Sciences,
University of Tsukuba
Zhao Huang'? and Xiao Hu'?

The magnetic response of single-component type-11 superconductors is well known [1].
Under a small magnetic field, the superconductor shows the Meissner effect which expels the
field completely. When the external magnetic field is above a critical value H;, individual
vortices start to penetrate into the sample, associated with a continuous phase transition
corresponding to infinite separation among vortices.

In this work, we explore the magnetic response of two-component superconductors in
terms of GL theory. We find that, in certain parameter regime, a vortex lattice is
thermodynamically stable, which is characterized by the following features: (1) the vortex-
lattice constant is finite and determined by the parameters of GL free-energy functional, (2)
the superconducting order parameters do not recover to the bulk values, and (3) the magnetic
field is only partially screened. At H.;, many vortices enter simultaneously to form such
lattice in the whole sample, yielding a discontinuous jump in magnetization and thus a first-
order phase transition [2]. This phenomenon can be observed even when both components
are categorized into type Il in absence of intercomponent coupling, and thus cannot be
understood by the scenarios proposed so far and under debate.

Reference
[1] M. Tinkham, Introduction to Superconductivity (McGraw-Hill, Inc., New York, 1996).
[2] Z. Huang and X. Hu, in preparation.
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DERIZCOVWTHLERT 5,

[1] M. Sato, Phys. Rev. B 81, 220504(R) (2010).
[2] Y. Tsutsumi et al., J. Phys. Soc. Jpn. 81, 074717 (2012).
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RA b/ —FZEFD RO DHIVBIREFOHSE B 88 E DB
A B R AT

BARRFAMRERAEKE SATLAEHFEVE2-—
K FIEHC

ME, FARODHILEGEK - BEEARLNBRAICHESIA TS, FARODHILIE
BEREIHD FAHRODHLBTEETITONZEZAET. NLY TIEREEARX Yy v T
ZHL, REICEF Yy TLARBREZE D, FARODAHLBEERE RO D
AILBTHEMITONDIBEERT, NILYTRBEEX Yy TE2HEL, REIZIE
XryTUREHEBREFED, I, FARODHIILHEZEIK BiSes [TEHE F—F L 1=
ME CuxBi:Ses W\ # 3K THRIZE LB LI ENKREIN,. COBGEKRN RO T H
IWBEEEARTHA AREENERIN TS, £z, T4 T RAEICE-T,
DREZEREICEIEAEAELNHY. R4/ —FOFEENTEIATNS,
L. R4/ —FRFEELTLIDTHNIE, tDOEERICLH>-TEAUZAET
B ENTAHETHDIEITTHD,

ZIT. BAIZ, GZEATHERELLEASLED S WD IXHIEEER % BT (W5
EERLLE - BZERBE)TE2ET. RA VN —FOREBEZHETEDLLERE
T5[1] CORFEF. FREEEFMBEGEERIZEWVLVT, TO/ —FONE ZER
BICRETIRICKELZRBENEZRL-LTE=, LI, CuxBizSes [Txt L THEH 8
BlZEH L. Kramer-Pesch B LIIC K D TEH—EFHRDEIY DEFIREZMEITAIITK
HHZETHROBMAMBREGRKEFEEZRAN, TOHR. t LRI/ —FQ
FEITHIOTHNIE, PAELG-ZRR/HENZ—NBEA, BNMEOBEAEMAKRA >
F/—FOERETHSZ ENDbL T,

—A. INhETOJIRBEEREFEYEICEVTIK., LLBORH/NNZ2—VILEE
OHIBGICE > THB/MELBRENVD DK YRSZZENMONTEY ., REI/NWZ—2
DEEHSHRIIBCEKRFEHROERMRIEICEVWTEETH H[2]. RFEETII.
“EIMRHORA M/ —RERFODBECERDEE. d RKBEGEELXEEMICELG D
BEHMSHRNRENSG I EEZRT .,

51 (Z8]) XX
[1]Y. Nagai, J. Phys. Soc. Jpn. 83, 063705 (2014)
[2]A. B. Vorontsov and I. Vehkter, Phys. Rev. Lett. 96, 237001 (2006)
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PbSrz(Y,Ca)Cuz0r:s IZH T HEAF a7V UL
TINIVYEHEERS R L HBEEELE
RABRELA
INGRFER A, BEIRAE A, BB —5h A
Intrinsic Josephson properties and superconducting fluctuation in PbSr2Y1xCaxCu207+5
S. Komori#, A. Uzawa*, and |. Kakeya”

ADepartment of Electronic Science & Engineering, Kyoto Univ.

PbS2Y 1xCaxCux07+5 (Pb1212) 1IA DO EH BN DI WHIREBRERTH Y | ZiEsmAE Tl
SN TVDHEWT., TIBarY14CaxCu07 & [fl—T&H Y YBarCuz;07 (YBCO) & FHEL L TV D ik dbi i 2> & 748
S5 HIG RN B 5P D O BRSO B L TRV ATEEMEZ A LT D, Frx i, Two-step
(precursor) JEIZ X > TPbI2I2D B X o ¥ VR A R S5 2 LTI L, fm65 KO,
X v U 7 IRE OCalg EEKAFMESLYBCO & Bi22 1200 HRFREE D F 5 M2 A L7-[1], PbI2121X, 7 v w2
Eﬁ%o#%ﬁékw\mmu#%®ﬁﬁf7yﬁ~ﬁyf%@ﬁﬁyaﬁ7yy%@ﬁ%%éﬂéoi

« HBRERE D 2OV T, Bi221238 X MLayCuOy & D i/ & @2 325 2 SIZEETH 5,

l1m%¢%%% R T TO25KIZHIT DEMEEFETHY . BI2RBREDERFY a &7 Y AR
BMAEOZET T U TFREEPBIIIS LTV D[2], EREERECRONDIERAT VIV RIT v H—X T
7y a7 Y UREEZ R L TR, TalfFO R E TERI ST D, YBCORLSCOZ: & Dt d il
{EBIRER & i3 2 &L IRWRGHETT V& — & 7/’
REFERE LN TND EF A, 71 v 7 EPbON B k5 R
M7eE EEZ D, Cax R—7 LT\ &, I3 L <
WE, ERT UV RFES R, XU IR R b, o
i, Cuo, “EEMOYNCalc B SN S Z LIk, BE
BIENEL D lebEeEZbND, —FhH., 7 vy 7JEDPb

J~TiT=l42K
PA MI—FHCuTERIND Z ENMLINTWD, Cufipko /v 100 mV/div
SVEEHIB W TIE, AU B 70 2 ISR BN, y: 1.2 kAcm?/div
SHUE. CUBRIC LY Ty 2 R BT L E R B = ;':‘j:fu,f;
EWRTED, ZOXOIT, Tuv I EOIEREIEIAL BT N: 21 layers
HIEDOTEXARRRAOEAY 27 Y U EEOSEIL. Bi !%fmﬂ2fﬁ% AR T O ¢ W TTE
REFOINETCOMMEEEEY 5252 N TED, ;

T, T T RRREIGEIE Y YETEIT LD AR nE S 15x10° —
o(w,T) = 01 (0, T) — ioy(w, T)DRED HIE. Teonset LA LITHE a0t i UEATEE b TASTIE
%502@7‘E1_ R —7 Nl EnTnsg (X228 T0.9 :E 9.nun"—-;:' : 8;3 i::: : gg; }—::;
THzT70 K{TJFSE) o :ﬂ&i\ 2{}IL{Z’K:E‘T/1/ a’ét{ﬂhiﬁﬁk % 6.0x10
WEEXFRSTNDZEAERLTEY, Pbl212THBIEERED . &ﬁ%a

o e SR e
ENBHENTVD Z LA EW®T 5, N e } B N

o 50 100 150 200 25

[1]S. Komori et al., Phys. Rev. B 89, 174509 (2014). Temperaings k)
[2] S. Komori et al., J. Phys.: Conf. Ser. 568 022025, (2014). [X] 2: Pb1212 LD AFARER D E o,

LI OT— 2 T, 0K ##8Z2 Domd Te 3ELATWD,
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RBEVMERTD a7V VESRICETS MQT &3/ D RBHHR

L PRS- R
LHHA, BEEE. EAB. WOk, BI—8#. HIEH

Rt BEEROMNEERE 3 IV UEANN)TERMEF ORI
(MQT)HEMNER SN TH 10 EAKBL[L]. EOBEREHL S D REM LB R F
DIFHBIEICE TS MQT BRICOWLWTIL, Bi RUS D La R4 Hg REAEEILY 11]
T 2BAKENSFEREILIINEEZIONTLSR], LALENS, L4IH
FINEEFEY PEEICATEMEEHFVEATLEVLWDOLERKTHS, Ch
X. REXEBERBEEARR—ZADAIMND I IV VESICHERTHMERENES
THAIEOHEIFTTLHELS EHOBGEREIERPTHLIEET S 1 REFEFD
MQTBRRICH T 2EAMEBENELFA+NTHIOEEZLND,

ZRIEZ. BIRIWTEZDEB/INERSNTETLE LEXTKREDL S DAL ATE
(LWhwd M2ndSW1 ER) I2H1T5 MQTHEFORRAZIFES R, 1st SW~4th
SW FTOMERSM Yy FHEZRXORFTEHENMEREBELFEZOMNEEHER
BREOMAZEELILZETILCHFTLEZ. TORR. FEEO D3IV URBRE
RNELCHI-I-ERE N ZFDEE. BRRAVFERICEDFEMAEEHE A
BOEEN B LIERAZRELE[B]l. COERIF. EEDE—EEETILETT
FERAR#ETHY . EEKRE (MMEETKE) ICELELEEESTRET SRRVt
TV VERDEENAEDHNEETHASINIMERS YV FERICEENLEE
ZRIFTAEEHZFZRCTEL TLS[4].

SHICMQTRETHERSINDIIETORT UV YILAFTOBMBILEFEMEZE
BHRAT SO, X1V 0O EBHE T TCRA Y FUIERPGAEEZToI-ET A,
2nd SW T MQT MZEEIMNBRB SN S BEEBBEICEVWT. R4 Y F U I ERDMICTHE
WEEBE—IMNHRT B EEFRRLEBL. RAMIYFUIERSPGOEBRIEEZS X
BERDTAV OKBEBEKREEE. T4V OFBHICESKRAERDOEREIZEL
YRTF OV IILERAEDNMNICHALTINREZNY ANEZETIBICTEEMIZE
HWTEL-H.2ndSW THRAI SN I/ IV OBREBE— (X MQT KREIZCE (T 58
BILEFEMOERZEERRIRKREEZONS[].

[1] K. Inomata et al., Phys. Rev. Lett. 95, 107005 (2005). [2] FABFAIE (ZA [BIiEERH
RREOYEIFE 6.IIH(ZERE. KT EE D). [3] D. Kakehi et al., submitted to IEEE
Trans. Appl. Supercond. [4] H. Kitano et al., & EfFED. [5] SEEEM. BAYMEZR
S5 70 B FE R KE 22aCT-8. [6] M. V. Fistul, A. Wallraff, and A. V. Ustinov, Phys. Rev.
B 68, 060504(R) (2003). [7] &#EE/Efth. BAWMEZF R 2015 FMF K=K 17aCS-9.
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BiREF a7V UVESICEITS
EfMEFFUORIILEROEMESHR

g WHBKF
g, ARCE. AARRE. B—R. #8585,

BAE a7V EEEEREBEGERZAVE a7V VESICHERELRE
BOiggERZHLO TEL., TIP3 7Y EEGNBCHEERT A EN
HRMICERINTWS[1]. HEEFRDOEEEZXITHBHELELT. ERNEF Y
2 JL%H B (Macroscopic Quantum Tunneling, MQT)H 3 %, Bi2Sr2CaCu20s+s (Bi2212)
TlE. BHEBEEBLE-a IV U EBEDSSBEZRA Y FEEENDI2DENDRAS
YFTIFERAYF T E5EREOHEINERLEFTEINNDIEELIY L HETEHERM
THOREMNBRAEINTULS[2][3]. CORRIEH=HE MQT IC K D HEREINEX
LTWBS&KSICRZADBERTH DN, BHNEEN LR T HIRAITIVELEIZHhMN-T
LVE LY,

SEEFIEZRAVFOEMEEOLFRICEAL T, cEHARBEREREEDKRFN
[ZDOWTEHR:, BRERBFEZXZTILSIE S8, Bi2Sr2CaCu20s+5 (Bi2212) D fih (=
Bi2212 M SrD—8h % La IZEH L F-#E & (La-Bi2212)Z B L. R4 VY F U T HEEER
HAEZEITHoT, La-Bi2212 ZRAWVWTH/NAYEBEITHMI TSI LT c BFHZ A
ELEHR, EZXRAYFOBEBAERETEN 300 ACM?EBELHE>TWHHHBESEH
fzo CORBTRAYFUOIEERS
BEZTWV. Bon-ERNH T RIE
CENDERATIAYIFTSHIETE
MBEEETRO-, EMNEELBERE
DEARZER 2 I12RT, M2 MoEE
ENEMT2EERSLZTIKTH D, 1oF
SHIBEREROBRLSAMNTHAE :
EZAEL. AMEELEARAEROE
RIZCOWTEHRARDIFETH D,

10} =

Ter (K)

= 2nd |

0.1 10 10
Toam (K)
51 A 3k

[1] T. Koyama, and M. Tachiki, Phys. Rev. B 54, (1996) 16183.

[2] H. Kashiwaya, T. Matsumoto, H. Shibata, S. Kashiwaya, H. Eisaki, Y. Yoshida,
S. Kawabata, and Y. Tanaka, J. Phys. Soc. Jpn. 77 (2008) 104708.

[3] K. Ota, K. Hamada, R. Takemura, M. Ohmaki, T. Machi, K. Tanabe, M.Suzuki,
A. Maeda, and H. Kitano, Phys. Rev. B 79 (2009) 134505.
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Bi-2212 BB attIVIVEETIAILYREICEITS
AFSA TRBHAERBECEHT HER

RAREL
dTAXRZE, FEE, XEE5, ‘2— ., Asem Elarabi, B&—3h

Bi,Sr,CaCu20s+5 (Bi-2212) MEA L a7V U ESNE2FE - EARKAILE L EL
TIINILYRBEORENED OSNTNS[L]. EAMNERABEELTCEIEHEATHS &
BIC, B—FRFChLAEHBEERIIENEEFND. EHALICELTREEZFFR
HDBRERTHAA—CUTOERMN, BELGLEELREZNHIT I ENATENE
RICOEADBZENTESNT[2].

BiE, EBELRABEEICKRELAVA FSA4 TRMHERIRESE (TH) A
L7z, RITIXHAEE 10~50 KZ 1 KB EIZEILSER-LEENDERETHMEE,
MR LERT—ILOAROA—F—HATHS—TOy LTS, BNSMTR
BEBNAT7RABOMATEEICH LTEELRR NS A THNRKODETHRT
5 COBRZRIBHOFRF, FELELGIHIATRTHASIATEY, FFOLFHE
HHEZRODIEELEROD—DOTHD. §H, CORX LS4 TORREZEDI-HIZ,
YA X -BEDELGLIFRFEEL>-TERZTL, BREZERL. BETERLS
A TERRBEMOBEGR, BHAYIAL— 2 2F -HEABTOBREZENT 5.

T L T ¥ T ? T

Bolometer |
output (uV) A
— X

24|

20+
I 15
&L 4al Moo ]
B 16} ]
= | |
&) - -
= 12 -
& | ]

K : EREXTHFHEORSEEKREXE.

10~50K Z 1K B EIZEILSETI-.

: A i hS5—Zay riEARaoA—42—HA.

0.6 0.8 1.0 1:2 1.4 16
Voltage (V)

[1] U. Welp et al., Nat. Photonics 7, 702 (2013).
[2] M. Tsujimoto et al., Phys. Rev. Applied 2, 044016 (2014).
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8pPS-3 MF7IRFSHF =  7p3-1
8pPS-4 MT7T7ARSUL =  7p3-5
8pPS-5 DF7ITRFSHF =  7p2-6
8pPS-10 D77 R+SHVF =  9a2-1
8pPS-11 D7ITRFSHF =  7p3-2
8pPS-12 DT7IRRSHE =  7pl-2
8pPS-13 DF7IRFSHF =  9a2-1



8pPS-1
NWVIF I/ NFOILOBEERFEIZHT HIRMOME

AEXI, A XBRI” HXI2CNER®
FHET, EHREM Z=H5E® ERER° MAREE, REEE

NIV F /AL L-BREEARIHMEERNZL DT/ BEBEGERKRTHY,
HRAENIE—LUVARBEICRAL T IAGEICHRAERE T. PEFIT L2 EAH
BEINATWS. CAETOWETIE, EAVTHMIEND—TETHS HPT (High
Pressure Torsion) iZFZAWVWTHSMZMMEIELL-HEE, Nb TIX T.OLFZHEA
SN, VTRFEIZTNMETTEHIEATMN o= [1,2].

AARTIE HPTMIICE > TEASNIRMBEENECEREICEZAIUEE
FARDIEHIT, WL F/ VOERERE p DREEKRTFEZ GM A EK T AV TH
FLf=. NILYF/VIE, BFEH (6GPa) TTEHEVRAMICRLCLYREEEZEX
%5 HPT ;% (El¥z%t N =0, 1/8, 1/4,1/2,1, 2,5, 10, 20) ZHWTHEEINT-. ZD
wER. 1I2RT LIS, ESLEREAHPTMIE EHICEMTEIENS M-
f=. 1=, VOBERBERE po (T HPTMIIZK 2T 1.1 uQcm (N=0) i 5 1.8 uQcm
(N=5) BEFEFTHEML, ChonfE

[ HPT il T %17 > = Nb D35 & (HPT 3Hﬁwl |

MI#EHBpo <1 uQecm) LY HXKE [ 6GPa

RETH-1-. COERF, V TIE T 2f o —
BASNEANCEPBEFREAOF G | B . N-is
54 Nb DBBELYLRENIEE Q| | e
BH®RLTWS. %XTIE, V & Nb L NI;

DEHERTE L ZHEL, BED ' I
ANOESNEBEEREOERE O e

BHRTD. F, WIEATOHEH T(K)

SEMBRESBOUBRETVEL. ol 00 s )y ome s m s kil
& X

[1] T. Nishizaki et al., Physica C 493 (2013) 132.

2] &M, F22EAAMEERNRE (2014).
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BEroJOoO—8Ehhs R
BRBIZE FeSe . Te, ICHBITZ2EEESDATREN

BILFRRFETFIH YPE - FEEFH
ESHREAREEN WE - HHRBFAREENIMS)
RLEXRF XZRIFHAERR CAPEZELR’

) St FH MAL EEH —F', B KE' K -2 Hith & °,
Nt EZ G LB BB

W% . LnFeAs(O,F) (Ln=La, Pr, Sm)*>(V,Sr40¢)FesAs; & N2 = # RBEEKRIZH LY
T.BE a7V UHBROFEENBRE SnT=[1-3], SmFeAs(O,F) IZH LTI,
Josephson EFRADAT EHFELNL. . ZTNDAT7DREIAIE—LIUVRE &Y S
KEL,. AV RUBARLEYENSWOINATY) Y FEEEREFIRASIAF-EERS
NTWB[4]l, — A, BRFEAUENSSHITNSLK | HRBEEROPTRLEMAL
BIRBEZHFD FeSe,Te, ITEVWTELEAFCa LIV UHENTEEINL L ZH
& L71=[5],

CDFeSe, Te,ICBITHAEEDa IV UNROEEFZLYEEICRIET 5158,
MR IJO—EROESAEKXRGFEEHEZFMICBE Lz x=07 OWNMNEKERRFIZH
WT., BEEEBMBICERZRALELEAOMERIIO—ERIE. MEHHABEEREICFEST
[CENMEINf-ETICRRELGDIE—DVZERLIz, CDOZ EM B, FeSepsTeos ITEA
RPN EVIRTBEE VS KV IF., BEERBLEGEIREICERBLZ 2 RH
BREEELTEZITEIWVWIEFERLTWS, F£1=. LnFeAs(O,F) (Ln=La, Sm)IZ
WTHREINLTWEESIZ, BRICAM > TE—YDRKEEIAFBILLTNE, &5
. T~4KMFEMNSE—IDEMICE L SRFNBRAB I NIz, Tz, x=0.7 DELE
mEH&IY LBEHENADLEO =06 DWMPNRFICETIAEHERETEH. BL LIRS
WHAEBAEN-DT., TOHERLEHTERT 5,

[1] H. Kashiwaya et al., Appl. Phys. Lett. 96, 202504 (2010).
[2] P. J. W. Moll et al., Nat. Mat. 12, 134 (2013).

[3] P. J. W. Moll et al., Nat. Phys. 10, 644 (2014).

[4] P. J. W. Moll et al., Phys. Rev. Lett. 113, 186402 (2014).
[5] S. Ayukawa et al., JPS Conf. Proc. 1, 012123 (2014).
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BN FBEEICETSNY FHBE~DEMERBME

REBARE HZEHEH
BAMG, MEEN

BRBEEGEOHRZBALTEN FOBGENTIEZBUTLS[1], LMALE
WARICEVWTHEEEDRESOMESN+FICHNONTHEN =, REBHESE
BCSHELUTENY FRIBEDEHOFGHRIEEICKFLEITRLATDEETH D, &
CHERNLLREULERIDELS GREEHRZHEICEERT H &N\ FRKESR
DEDFBRIIEEZELSELIEATAELLT D ENBFINDG. THELT Y
FPE—FBIOVI b2V T EVWSEEBNENAD FOYEOEBEBHEIZEN SN
LLNAL,

Figure: 1 electronic structure of the Figure 2: diagram of Fa¢ Acimql2

two band model reprinted from Ref.[1]
51 A >CEk
[1]A.B.Vorontsov et al., Phys. Rev. B 81, 174538 (2010)
[2]W.F.Brinkman et al., Phys. Rev. A 10, 2386 (1974)
[3]A.J.Leggett.Prog.Theor.Phys.,36 (1966)
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AEVHENHERRAICRESN-ESFTEBRGEAO LNERAEIS

ALK& L, HRBE T 2, FriB K B A 3, AWM 4, Groningen X °,
FORBEEE 6, FRAF 7
B fL Y, mH BR Y, R M2, PATEERS S, KN 44 !, Mohammad S. Bahramy?’,
ANE TS A, I BIEE S, AR R — 6, I AR 2, RURT OR 2, FEACRERR 4
PR — ©, A s 2

WA, B EHE N U ARSI (EDLT) Z W F BT VTR —7EI2J0, R
IRNU R R R IR EEZEBERFELFANENS THEINTND[1-4]. ESH
L 2% T R SR OFFBUE, EOIREFAZ2F v VT HIEME IS AT, ()EH LD E S MO

72 [ 5 iz of B ME O R =0 (i) 2 T JE 2 IS S5 Z IS K0 BN A & I B9 Bz e # i o il
AUCEY, R 72 A CBLEFE BAER (SO 2317528 ThD. ST 72020
SOl 1ZLY, HRMEMIRIZE - TR E20E ity o b H7-08r a7 7 Az B AR BE O FE B 3
FECEDMN[B], TNERDMFILITEIE W FT21E0 0 THAI[6,7]. ABFETIE, EDLT R
BITH SOl OMFEEF L7212, WA EL B8R THD, SITiOs-EDLT &
Mo0S2-EDLT O PR SUHR G0 b il S ms 355 2 0 e L7z

SrTiO3-EDLT (Te = 0.35 K) & M0S2-EDLT (Te = 6.5 K) D 4T O L FB R SR He'!
%, IRIRICBWTENEN 15 T LA E[6]E50 T UL E[7]E W o2 K&EREIC/RD. bl
HH D (BCS 1y72) H e MR IR (1.84Tc) Z K& (2 E[Al%. SrTiOs-EDLT (22T, Ti-3d
1 DL HE ) BT I B iR X7 Rashba Y (T NG5 75) SO [5]% FH W T He! D K
WA CEL A EMEZ, AR PLOM R EEH I T 5. M0S2-EDLT {22\ T, #}
i EREITEBWT =M 7YX LR ORE S & (Dan 3t FRME) (RS K35 1 PN 22 [ s Britk o
NI EL, (EE 7 Zeeman B ([ EHEET) SOl 25217528703, He! O KicH
RINHZLERE TS,

[1] K. Ueno et al., Nat. Mater. 6, 188 (2008).

[2] J. T. Ye et al., Nat. Mater. 9, 125 (2010).

[3] K. Ueno et al., Nat. Nanotech. 6, 408-412 (2011).

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

[5] Y. Nakamura and Y. Yanase, J. Phys. Sco. Jpn 82, 083705 (2013).
[6] K. Uenoe et al., Phys. Rev. B 89, 020508(R) (2014).

[7] Y. Saito et al., arXiv 1506.04146.
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BMEBEZRHR OBNEGERICHALAH-SERKE & HH

BERBEXRZ!, BARFHARARFEREE > RILXFE’
INAREA, EFHEFE ZABAB' BERIE’ HEM’ E4KEES

RA78HB5VEF/ RT7—ILONSHEBEEFICHHELENRPCEAS (AIEVL
) ZBAL., REFBZEOHLLAKRBOFECHMZEHRTHANERNIC
RESAh, FBSATWS[1], BRI, EAEKOMNMNEBEEEXICEBL, ALE
VEHIZEKYFREIASIEFLRAKEBOEESANELZ. £E SQUID BKIEME % H
WTHRYHATWLWS, SE. 5§D2OR (FILO—DREZTDRAY DIEAF O FHHE
E—HTBH4DON) #RTEEAEFEY FEAEL. —KEIEZOMNLTERESHh
ERRKBZEERELEZELCS, AMFEZERLEVERIINAEBE (LLS5) I
BLWTBEhS b2, FIZIEL= 3TRE,. EHYDI4DROVTHANID
ICBAT %, "ORERELL EDE. HAICI DASEBAINELGLSH I LMD, NER
CEMOBEERAOBRENEELRENEZRL-T LA S, Bon-EIOBE
(X, ENINEH/ICH L TIEERFICREL, ROBREBIZEKET S, RR2—FREKXTIKHR
EEHTWIHEBEBEZE - RBREOBAXRBOEIBRBLEDTRET S
FETHD,

[1] R. Geurts, M. V. MiloSevi¢, and F. M. Peeters, Phys. Rev. Lett. 97, 137002 (2006).





