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Development of novel SQUID microscopy
Takekazu Ishida,"? Vu The Dang'?, Masaki Toji!, Atsuki Ito', Yoshitsugu Ninomiya',
Shigeyuki Miyajima*, Ho Thanh Huy!-?, Hiroaki Shishido!?, Masaru Kato?>,
Mutsuo Hidaka®, Masahiko Hayashi’
I Department of Physics and Electronics, Osaka Prefecture University, Sakai 599-8531, Japan
2 NanoSquare Research Institute, Osaka Prefecture University, Sakai 599-8531, Japa
3 University of Sciences, Vietnam National University HCMC, Ho Chi Minh, Viet Nam
* National Institute of Information and Communications Technology, Kobe, Hyogo, 651-2492, Japan
3 Department of Mathematical Sciences, Osaka Prefecture University, Sakai 599-8531, Japan
® National Institute of Advanced Industrial Science and Technology, Tsukuba 305-8568, Japan
7 Faculty of Education and Human Studies, Akita University, Akita 010-8502, Japan
Studying vortices in a restricted superconducting geometry down to material parameters is a fertile
field of exotic vortex states as a consequence of competing interaction among crowed vortices and the
boundary. A pick-up coil in SQUID microscope scans in the XY plane to observe vortices in
Pacman-shaped plates, where the configurations agreed with the predictions form by the nonlinear
Ginzburg-Landau (GL) calculations. We found that vortex penetration always tries to eliminate the
influence of weak pinning so as to adapt with symmetric geometry of Pacman due to boundary
confinement and vortex-vortex interaction [1, 2]. Our conventional SQUID microscope (Seiko Inc.)
was not often able to observe the boundary confinement clearly in such as small Pacman plate.
Recently, we started to develop a scanning SQUID vector microscope equipped with a vector pickup
coil (Fig. 1), which was fabricated by the use
of the Nb multi-layer fabrication process of the
CRAVITY superconductive foundry (AIST).
The new microscopy intends to achieve high
sensitivity in magnetic field and high spatial
resolution in vector field mapping [3]. We
placed the position of three pickup coils along
a single parallel line to sample surface. This is
to keep them at the same height from the
surface during scanning. In addition, a distance
between X coil and Z coil and a distance
between Y coil and Z coil are the same at the
integral multiple of a scanning step to ensure
easier image processing [4] (Fig.1b). We
designed the SQUID readout circuit by using a
gradiometer structure to reduce the influence of
environment noise in a vector scanning SQUID
Fig. 1. Photograph of a vector SQUID sensor Sensor, where a pickup coil is either in a single
turn or in a multiple-turn coil (see Fig. 1(b)).
Scanning vector SQUID microscopy is under
construction by using a 3-channel SQUID readout circuit (Magnicon Inc.), an XYZ piezo-driven
scanner (Attocube Inc.), and a Gifford-McMahon cryocooler (Sumitomo Inc.). We confirmed that the
voltage outputs from the SQUID readout circuit are in good agreement with the profile of the output
(V-@) characteristics of the SQUID sensor. We obtained the first images of vortex in a MogoGeazo thin
film successfully obtained by using our own SQUID sensor in our SQUID system.

This work was partially supported by Grant-in-Aid from JSPS and MEXT (No. 25600018, No.
26820130, No. 26800192, No. 23226019, No. 15K13979) from Japan Society for the Promotion of
Science (JSPS).
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PERDWEMR T 4V H —1Za A VB FEEATH D EREL THRITEZIT-> CTE RN, Kl
HTIE I3 R EOMEEESa A LIcHONWT, MBI T o V2 — &R 5 8ER
BRIECOWTHMT Do, WAL T 4 VF —DORDOT=DITIE, aANVDORBEDREL
EMICFMT 2 L8N H D, bbb I N7 3RICZEMOPIZaA Va4 F Y
— e T—=4—f (Fhbb’l”, 70" TEH) Lz, KL NVOKBERLIT, =4 VEKREN
W OBEEERE) DR (DEVBEYa) LhLIREEPLRETES
ZDZ &L, BEERIZIIAT I O K RAE S %%ﬁwrkﬁféé_&mu#otoﬁkma
Wik aA N, ZOEMEESCT —FBFRBROREING, BFTBAHEKTWARVAE, ZZTiE
B2 3 RTEMEZREL TR ZIT oM RICOVWTHRET I FETHD

51 AR

[1] M. Hayashi, H. Ebisawa, H. T. Huy, and T. Ishida, Appl. Phys. Lett. 100 (2012)
182601.

[2] V. T. Dang, M. Toji, H. T. Huy, S. Miyajima, H. Shishido, M. Hidaka, M. Hayashi and
T. Ishida, Journal of Physics: Conf. Series 871 (2017) 012075.
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EXVOTFHFMILENLIFT /203 IVDHESESE

NEXETI, A XRIA LKXI2CNERE, EILKIC, HAKEHPO
THHEM, WMEFET, K. Edalati*B, 2= FFEC, IEEER A8, MAREE,
WA, 8 M0, #0O O EAKREE?D

NILTF/ AR NLNEERVTAHMIEZNILIROEBMHICERT ST, #
BREEST/LARLICHBELTESZ 0T/ BEOBGERBE AR ENT
5. AMETIK, SEHRLYIMI (High-Pressure Torsion) [Tk > THEE 1=
Ta (HPT-Ta, E&% N =0, 1/2, 2,5, 10, 20, 50) DLt ZAE L, BRES®
BRERFTE JOELEAR:.

1(a) IZ HPT-Ta M ER R 5 DR EK
FHEERY. MIAID Ta (N =0) TIE,
MPHEEEI S EBLE I EBEE
HKOBMERI CENOHNFENBERY
B HEE&LE. ZhizwL, N> 172
TIEHAEHERMNAITO—FIZKY, Boh
- TEHEBRWIS He, & LMEERHISE He
X, ZhZh, He OERISE & SHEA
ITHBTHEVSEIRBEEROEHE
EZRLFEZ.NIZHT B Ho DEAIEDE LY
LDD He2 (FBEIL>»TERTHZ &G,
HPT MIIC&>THIGEARIDELIE
INELaE—LYREENELSHDB L
Nomot-. 1b)ICHWIEERTY VR

HRIEAM 279 . FLIRBECERDBER | J ‘ ] 1 i ‘
RETEAM c Jo THDT=80, EXVT & 050 002 0 002 oo
12k U B A St 0 45 & R0 T R HoH(T)

- B 1(a) HPT-Ta QERREISEDEEKRE
ICE->TRECEHENELIRELET D E L . 1(b) T = 4K [2B1FRHILERTYS

LICHRE Y EHEELEMT 5o en  AEAM (RALEHY A XTLE).
Dhofz. FMERIMETICVOTAHD
BALICE | BRESHEE 2 BRE
BHRIZTEZOEBLLAITHY, BEX

VFHMIOBUTHS.
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T/ BEBLERICE T 5 TINRIETERRENDTE
A X - PRI

KERFFILKF T2FER
HeH BuE. NEE Bs

BIREERICIE. TNENYBICE > TEBRSIEEBREN D S, UL, 7/BEBE
BATIE, KESPERICE > TEBRENELRT B[1], ABFIESERCDINTIICEL >
T, /UL ONbDRICH/#EEZED . BREEN LR T2 E2ERMICRU. LD
U. LT DVIERUCEERU DI ZT o & 2 3. BRRENBA U, 2DZ &
IEDWT, FBEFIE/NLT DVICEEFN T WA OMRIC K > TEBREMNBA LI L
BRETHEOTVB[2L,

BAlE. S/ IBEBGERDEBREARIET. Y1 X, Bk, NlOFEE, 20
ANZXALICDOWT, ¥YZal—yarEAWNT, B - STENICHARLTWS, LEID
WERTE. BRERZEBIZAWVWTCGorkovARRZRC 2 & T Y X - TR - Nita
BEDRIFT F/ BEBEEROGEEREANDFEIC D WTHANZ, ZOER. ROYIX
EINS LT BIEONTEBEEMRE LA S ER L. FLMRVWBEGERIFIEGBEE
NE B3 EzEEMC L4, SEIORKRTIE. MTICR L. NMiMREREH
IEHIFZ T VI LBRTY Y vILE UTEEICED LWhfzBogoliubov-de Gennes A2 % .
BRERZZAVTHEL 2& T NN GEEENSZZEEEZRASHICL. ZDOR
MHMBROTA X, MRHRICOVWTORBZIT S,

YRy O (A =EY Ius (=LY ke Y e ve
7 j 7 ) M -

LRV HL07 (A =EX v, | Q= XA,

J J J L3

fereUs v, BEBDHUIZ YT LRBRTHYRT > 2 v I)LOBRERROHI R TOIE
TH B,

51 1 (Z8) Xk

[1] H. Suematsu, M. Kato and T. Ishida, J. Phys.: Conf. Ser. 150 (2009) 052250.

[2] PaEIAL SE21 IR EIN 2R 14A2-4

[3] M. Kato, T. Ishida, T. Koyama, M. Machida. Superconductors-Materials,
Properties and Applications. InTech. (2012)319

[4] M. Umeda, M. Kato, O.Sato IEEE Trans. Appl. Supercond. 26 (2016) 8600104
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An introduction to quantum spin nematics

OIST

Nic Shannon

Liquid crystals, in which molecules align to break rotational
symmetries of space - without at the same time breaking translational
symmetries - are ubiquitous in nature, and form the basis for many modern
display technologies.

The idea that a quantum magnet might also act like a liquid crystal,
breaking spin-rotation symmetry without breaking time-reversal symmetry,
holds an abiding fascination.

In this talk we explore some of the progress which has been made in
understanding such “quantum spin nematic” states, addressing the
questions : what are they, where should you look, and how would you know
if you’d found one ?

We pay particular attention to the case of spin-nematic states stabilised by
applied magnetic field, which arise through the condensation of bound pairs
of magnons, analogous to the

Cooper pairs in superconductors.



C3

SEEFE2RTHBECHEKICETREFWY S F L Griffiths B

B KEH A EARIE HEH CEMSC
e M wE ED HE &RBC

HEDEE - TN R EEREMOESICEY. ERZEBREA. BltY~TOR
H. MBE EAPHWRHBEICLIERTEEZICSVLT, BRIHES (1~Ha1=y
PELES) LEVWVRREZEDLEFE DHLL A TOBEERNBIHSA TS,
hold TEREU 2 ATBEER] LFEL, KEROSEZEICTLEVHED
HERTRELTHBIATWLWS[N]. COEIBEBMA 2 RTBEEIZASFE
ND—D2ELT, BALEEKZEEB LISV RXR4E (EDLT) #ZWMY LIF, 22 T°THRE
TERERFE2RATEEEEZHR L TE1[2.3],

2 REBEERORIHEELYERKLLT, EETOEERISTTEIS. &
THEBNZEITONE, TELI 7 ABEZICRERSIAD dity BRTIE. HDHE
RS B LERFAEER R (ZLDHEEHKQ) THHEMTONIBEEK—HZK
(S-) BEERARBIY . EBAESETOEEROEE - MBIKGFEEEI—EDOBEREH zv
FRAVWERS—YVJAIICE>TRBEBTELIENBCAMONTILVS, —A. clean
BRTOWMISHEBRAREL S-IEBODRAX—LTRERTEEINE S ML, FhIF
EHLMNTEAL, AMETIEH., BEELBELOEER R A 100-300 Q& L&
INE LY ZINCL B U MoS, Bt REIEM EDLT 2AWT., LWVEE - MISERIZH T
ZHMLERENEGEBRZAT IS LICLY., BE - BEBEITORGELGBOME
BHEHEMICHELE, TOHE. MAMICHKXELT. BEEELEZ2HYMNTEIAL
ey MER R EHE B (RBFRHBROXAICHE THEREWE) NEED
BLELEIC, HOIBRETRBICERTIHELSDIFEVERHRALI, TSITRB)
L EHBEER B.DEADNT, HERY A XRS—Y VT EHVWTEEBST S EILY.,
BRRIEH -vh Xt 0 EICH T HEBRAMIE B(O)ICRAITTHERBT IFH L4447 (2
NhETLEE-FAZNAYY—HUS5R) DEFHBER (EF Griffiths &58) #REL
. BECHREBGEPLENCEFHERFEF CEDNLAENLEERISHRZENR
ERGE

[1]Y. Saito, T. Nojima and Y. Iwasa, Nat.Rev. Mater. 2 (2017) 16094.

[2] Y. Saito et al. Science 350, 409 (2015).
[3]1Y. Saito et al. Nat. Phys.12, 144 (2016).
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AVAAEY Y BEEFKICEBITHRAREBERED TN

FRRYEYME., MBAHEXL'
#ME BB, KA uAY. K8 KH#E. 2 BEH. KEE'

YA ZANI /U BEOBIGEETH LAY A3y 7 BEEE T, ko BEEIEH
REh, PERARNERT S, 22T, WROREZRABOMEERZT TR,
Wk & RBHMOM BRI bIKGFET 2, ZO/RKE. ERBRIRRE(GVS) . ZHiRIKRE
(MVS) L W o e 2 iR REA BT 5,

Tk, BUh PR ABERELVOMA DK EZ AN T, LR, BEXiESRR O BIENIIC
R L72[1], KIS, BEAFEOWARA - e, —EWMED GVS—MVS sk, R
% MVS BB 28 L., W REBoREE LR ROBEGBEH LM LE, SHIH
E, BEEERCRMBEREZEAT LI EICED, BRFBEOWMAKEA - kil, —ERED
GVS—MVS M, £e2 MVS & 281 L7212, RITEREA (K1 () &, &
BREBOZRALF—2 ETF5 2Lzl (K10). B7 v v O MBR+512/0
S Bo bLETITEBNEI D LHAMTE S, EABRE ZAKRRICELIELL XMW
SORBEMIEE OB A B 1 (e)IT T,

INLOLKBAROERTHWONBEEYEORERTIX, Rimo MR
TEWMARDOT U E LR NT TR DOT, @RREOHIEMEICIBRARS S, —F,
EHET T 7= SORTEYE TR bR EHEERENZ AW TH LR 2 BRBEEERO R T
B, A= —THEERS—~THV, SLhoEEBORWEEREEENRHE I TE

D, WSRIREEIEICH LWEREZ b O TR S, AHEH TIX, TN ETOMHEL
SBORBRICOVWTHERT D,

[1]A. Kanda et al., PRL 93, 257002 (2004). [2] M.V. Milosevic, et al., PRL 103, 217003
(2009).

(a) (b) 4
Vi V2 EEEEE | J [
FreC) % ; L>0 \
= ' [ 6 L - : -
SINHES _I; b ' : o )
2 1 I,=O ' \
T (y) i v L<0 ;1 ‘\
BRER I, ¥ " I s S| IS
H AREFESBRD
: Y KErLOME mu"ﬁ._
-4SEE A5 "

0 1000 2000 3000 4000
time (sec.)

XK1 EAFBBEEEREICBITZ, RPTER tI2X 5 MVS Mo 2 REMEE, (a)
bR VBEAEICH G DRE OB, (b) REFTEREACLD = FLF—EOE T,
() MABHRA ZAWRICEL ST LED2O0DM/N o RABEEDEEDOE,
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BNBEEFEOMMEAICHE L -#RKE

BREEREHEREIFZHEN ' BARFHRAEHAERELHERTR L 52—,
RitXFEBEMHBRR’
INAREAN, BRE’ HEM’ kakzE’

NEBBEEEFICALAHERRE. BRICKIEALAHEBRRBMORFHBEE
AEDHBEIZKYBROY S XTEELEMIREELERAREEZRAT 5(1-61.
BEEAOBRIZLEASADKOBBEEZOHRBHATHY . AVTL—ITD
BEERICUE-BAHENLGTERNNERN S, 5],

FACRADHBLF S5 ENMERICHEZ L, SHICTELDOBRICELECLRAND,
HHEOBASMKELELFEXRCHMESFSEORBOHREIELREH S BKET
Hd, LML, OE—LUVRAEBEOBEBHOTNSLHEHY A ANXBELLD D,
ChFETEICERWLZREICEFY., EESAZBHETH - -,

— A . EXBORBREE. ThoDEREKBLOBAIRLY—OLEND,
EVIEODBATRELE (BMIBEFEFTHABNVA X EMALTHHER) TH5THE
HRHD, TCTHAIK, ChFETEDHTELS/AVOY LS XDTELT 7 XD
BEEEAICHEAAZEAL,. AZEHE (7539 Y4 F) ICEXBORBREIC
HETLIHERREARAINESHERA[4,5]. BEMICIE, EARRHIC 1~
SOOWHMAEZRMEMEBICHEAL . ZOBRRELEE SQUID BT SEME THE
Lo TDHRE. EHOBEEFARCHICBALLSEREZHAT S LIR
L., WHMAOMRICEFELLZRE - EXELBRIRENRENZ C LM (E
#om) ICRHLE, SSHICRE. ADEBEEZEA. BEREVLEOD LHIEOBEN
REEFWMHICHWEEC A, REREFHSHBERBEZEHRUNTEZILSICH-TE,
BETH. BE. £HTLWI2=ARARTHELL-RAREOERL SO THEMNL
=Ly,

[1] N. Kokubo, et al., Phys. Rev. B 82, 014501 (2010).

[2] N. Kokubo, et al., J. Phys. Soc. Jpn 83, 083704 (2014)

[3] N. Kokubo, et al., J. Phys.Soc. Jpn. 84, 043704 (2015)

[4] IMAREBA, BERYIE, 594, No.8, 437 (2015).

[5] N. Kokubo, et al., in Multi-Vortex States in Mesoscopic Superconductors (Chapter 3), The
Oxford Handbook of Small Superconductors, edited by A. V. Narlikar, (Oxford University Press,
United Kindam), 81-107 (2017)

[6] L. F. Chibotaru, et al., Nature 408, 833 (2000).
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BRIV VERESA VOV LRFROBEE

ME - HHAREE
TEEN. BREN. BBRN. NEE

DAVRTMIZDLGEDFERERLIC12BOEEZEET D L. EiR
LEEOHEDE. REE. BULEREECKRELT. FEAORAYBELL - -BH
BREENEOND., TOLIBERANLEHIT, EEMAREREZL L. BEET
HBEEGEBETRTHLONROION>TETLS[,

Si(111)-(V7xV3)-In BHEK XTI, 3 K THREEEERT 52, T0REEEEE
SIMNKRAIC INnOEAKFE 2REREHBIFELTVS, BEEREEXZDOINE
FETHEBALTWSLEZON, RERBORENOZEEBKIZZTS[3,4], Al
ZIE, RAICFERFEIORATY THENFELTHY . EE PO RILEME
(STM) CEFBREHRIDIE. ATYTITBALEEFBE a7V ViRIZM
HBEE->-TWH I LM B[3,5],
OZEF. BREEREFENRTY T
THIBEhTWS I EERLTWS,

ATy IR EINDERIE. ERO
UYELAE (EXRAVEA) ITE-T
EZBIENTED, COZEEFAL
T. BnEHECEAMESE-ERLY.
2Ty TITABPEFROEEGEEZTE
DEETPTIZFHELIY TEDHAHEM
NHd,FZT.IRAY LA 0°0.5%
1.1° @ Si(111) EREIZN7xV3)-In Z 1k
Y. B EKERAEICLYBRER B ‘ £/
HERRI-DOT., TORKRERET 5, ' ' ] o0

BIER STMAIELESHTEY (RN, ®1: x4y A 05 B Si(111) EiRL
BETHBNT S, SRS L 1= (N7xV3)-In RED STM .,

[1] T. Uchihashi, Supercond. Sci. Technol. 30, 013002 (2017).
[2] T. Uchihashi et al., Phys. Rev. Lett. 107, 207001 (2011).

[3] S. Yoshizawa et al., Phys. Rev. Lett. 113, 247004 (2014).
[4] S. Yoshizawa et al., Nano Lett. 17, 2287 (2017).

[5] T. Kawakami et al., J. Phys. Conf. Ser. 568, 022022 (2014).
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EMEIETOREE < DRRRE

BILKE ESHERMNAHER
HikE s

F2REBGEAROBAKRBICEVTEK., BAEEEBICEI R LY —REEFIKE
ARELTHY . STMERIZLSBATRRFDLYDOEMREFRENBR A TL
%, BB ZE TIE Eilenberger B %4> Bogoliubov-de Gennes % & TR EFIKRE
DHENETATLEDN, TOHREL L. BRAEFREBEOEHMBEZIEECARSD
CEIcEY, BEEERAHOCTILIEEELGEDEBAGONSZEAMONT
Wb, COEIEHMERELINET, XIZ, SIMAEZTS>BEGERKRTICEEICH
BENTHESEEICONTITONTER, COMBEZRAEINLIBET-AEICIHITII5
B(TRHICHAABEFRENEDLSIZELT IAIEKEVHARFTEELEEZ HM.
STM RERTRIEREETORAEFRENMRASATLS[1,2], TOHER. NbSe,
THOEED STM BREN B EFEITHIILIZKVERT IHFLAREIATHY
[1]. £z, REAS TORRBROBAY LRESHTWLS[2],

AHMETIE, O STM BBICHE LE-BERBETTORAKEBIZOVTOER
FFHE % Eilenberger B TEMR L=, RAAC DRRBOMMAY ZERT EH-H. &
BEECIRAEHMTORABEZRABFRETHEL, RETENFIAFEAER
HIDEVLWSEREFHZAV, T, RRERBHUTOHET. BREBRFEH
CEHAT)—VBABZEELLIAVIVRATUMIREL, TOBRFEHDL ETE
IRLF—TCORMREZEOEHBELZFE LTz, NbSe, TOEEDBREFK
BERSOHICIE. ACOMREBITEREL-EBEERAMEZERE L. COL5%
HEEZLTHELOAEREBSTOREES ORARELEEMEFREOERMEE
DEFBIZOVTHRELZL,

2 E Xk

[1] H. F. Hess, ef al., Phys. Rev. B 50, 16528 (1994).

[2] E. Herrera, et al., arXiv:1703.06493.

[3] N. Hayashi, M. Ichioka, and K. Machida, Phys. Rev. Lett. 77, 4074 (1996).

e ' STM

Bk

M EMLEBAROEHLYORMREEEZRAMET SIMBRAT S LEETE,
RBOLSICREMETHARBROMLSY LEES 5,
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NASNEGHABENEAHTBEEEPORRKE

RIRMFIKRE A, KRFIRZIESEEMER"
B BLA mME B BN ORE S KK B°

BEEARORBAKEE, HEBEELERILODEEZRITSH, —F T, BHEMER
DHEHEFNBARBICEEEEZ L5 LN BHEMHEER BEEAXANIT) Y FE
BIZEVWTHMON TS [1], HRIE, BMEMEBIKFUSOHEIKEN S DML
KRE~NDEEZRARDZLOHIZ. WML BABERIZEBE Lz, A4 T ILEE
AMHERIEISEABORY Z2HRE— AV AL ARET D& S5ICEST S/
SBETHD 2] CO&LOILHBIBENODOREIZLY ., HFOBARKEDATEE
HENEFETEDS [3].
BREFAASILoBABEERNSBEERDORBRRRE~OEEZHARDL DI,
A4S RBABERDLOEABIBFEANY AIILGHBHEIZE L TRYAH,
Ginzburg-Landau AR AR EREICK Y REMICHE L, 1DO&SHTEER
RICEFEFN-BEERIZEVWT, NYALGHIEZHMT 52 LT, 2MD&S
HBARARKENFEONT, W—AHEBETICEVTE., BRIEIESICETLEARICE
NEZOTH N, BONBERTIE., SEABOARICEVLZZD20OBAINEN
fzo RERTHEH., COELSGAYANGHSETTREAZRRKRIKEICDOVWTER
T3,

L
L
E— — s 1
. ZRTBEERDR B2 AYBIGHISS T ERRIKE

5l (8) XM

[1] I. F. Lyuksyutov, V. L. Pokrovsky, Adv. Phys. 54, 1 (2005)
[2] Y. Togawa, et al., J. Phys. Soc. Jpn., 85, 112001 (2016)

[31 S. Fukui, et al., Supercond. Sci. Technol., 29, 125008 (2016)
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EHBERICL > TIHISNBZBREIAANYVLI-BHEICEITZROM

RAR #8581t
RERT

BREIANY T A3 IEAY Y =8BH p IWBRIATH D, ZhxTHER - EBROMED 5
BEANHRSEAM T DN, IFEICHMREE R b2 o TV 3, BIREIANY v 4 3-B HOM%
I, KR - RETOM . &l - BETOMD, ZO0MHDBFEL TV 2 2 2 BER
WKEoTHRRIATVS [1], 2O, RONEHENET 2 Z L ICRERT % 2 225,
Ginzburg-Landau BE#iC X » T, 2L BB AAHFICBVWTIEZDbr>TW3 [2], —
77, R ISR TH KB OMERIZ. Ginzburg-Landau B O HPFAA TIXFETE RV
WHAFEL T &L, FREBORBEXHH Y. REFMMAHLLITR s TRV EEZ
BND, RIFFLTIEANY T L3 ZFHESHROMIRE  UTHIOIRZ 2 AL, BIRE)
AU v 24 3-B HHON & F i B MEEIC X o TR, ZO#ER. Ginzburg-Landau
MR O ATHISE [2,3] B & CHER AT X 2 SB1TH%E [4.5] KBV THE I TVRYL
FLWEHONEME 2R OB TFRSFET 2 Zepbh o, BERTIE., THALDHD
TEEFICOWTHERT 5,

[1] O.T. Ikkala, G.E. Volovik, P.J. Hakonen, Yu.M. Bun’kov, S.T. Islander, G.A. Kharadze,
JETP Lett. 35, 416 (1982).

[2] E.V. Thuneberg, Phys. Rev. Lett. 56, 359 (1986); M.M. Salomaa, G.E. Volovik, Phys. Rev.
Lett. 56, 363 (1986).

[3] M.M. Salomaa, G.E. Volovik, Rev. Mod. Phys. 59, 533 (1987).

[4] M. Fogelstrom, J. Kurkijérvi, J. Low Temp. Phys. 98, 195 (19995); M. Fogelstrém, J.
Kurkijdrvi, J. Low Temp. Phys. 116, 1 (1999).

[5] Y. Tsutsumi, T. Kawakami, K. Shiozaki, M. Sato, K. Machida, Phys. Rev. B 91, 144504
(2015).
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#_RTHRICHITS BCS-BEC 7 AXF—/3—

RRE

Rizse. EHEEN

HRABEEES FeSe Tld, BIREX v v 7OKRES A PRBIZEGEBERE T, "EWHE
Fermi TR/ F— Ep ICIEBKL D 2 & WO FHAFEIEAINTLB([1], Z OFRF=IL.
AP Ep EVHIEDENITIE N (A/Ep 1) ZE%FIHRE Ltk it4s BCS EiRT
BB TELRVWEEZOND, IHIC, T, EFETOWK ML BEICL Y. BEEEMD
FERICHANT 10 BFREL REARBERENRNSE ZEMBELMICENL[2], TS Dk
Bh5, FeSe TIIEFMBI AR 1E725 < BCS-BEC 7 O XF—/"—18 (G&#EAE) T
BEEAELTWHAIBEELAH Y. FEZAUTTWL S,

MIEABICH HIEFRTE L ZRBEEOERARIL. TN E TEICHBIY S RBRER
ZRBICBEVWTEDONTE, 207D, BFRICTT 2L DERAXTIE, Fr U T
BENRELNA—T7 74 )V REICH I ZRTRPTRE S NTEE[3], —AH. ko
FeSe (FEF v U TR THY FHBREEZRMLIZEZRTRTHD EEZONTWLS,
L7=h'> T, FeSe OFHFLIFH T BRNVICEZHEAIT/-HICH, BESRICHDE R
ROFHEIBRT DDLENDH D,

Z T AR TIEEHEABICE T 2RTEH D WL cEBHEAEONRE, BEEW L X
ICEBUERT w0y 7 MAZERT 2 2 & TERNICAN, i, BRI
Lo TZEBFREBRENHET 2 2L ICEB L. BBERE T, CEBESHICHEBEDORTHER
BE T BN, TORR. RTEDETICHE > TBCS-BEC 7 AXF—R=A4EL 5 3
ZEEBALNITLT, WETIE, BoNBEREMBL. ERONLG LY b7 v TOREE(T
SFETH D,

[1] S. Kasahara et al,, Proc. Natl. Acad. Sci. USA 111, 16309 (2014).
[2] S. Kasahara et a/., Nat. Commun. 7, 12843 (2016);
K. Adachi and R. lkeda, arXiv:1709.02553 (accepted in Phys. Rev. B).
[3] Y. Yanase and K. Yamada., J. Phys. Soc. Jpn. 68, 2999 (1999).
[4] P. Noziéres and S. Schmitt-Rink, J. Low Temp. Phys. 59, 195 (1985).
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B2HERZBERATIARBOEEN FNVBEMEICIETHIL

BEFIAEFAEUEERERTAE L 2 —
LHEBILFEMER
HEIEKRE
BHEE

82 R EEOT 7Y 7R IR R oflhuc kv E B Eh S, Hn XoE»
B:3% N TR SIEER T IR VR ER DT I/ - WS AHP R BRI MR &
BRIZEOIER I TOD, ZOM TN BN E R TR T A0 B % R HEER P E
F52. Hm KBV T 7 F9 7 < 5 2R HE S EC MR VR B & K o7 i
RAFGAMEXITNDIREBIZIRD, SSHIZRESE TR R BKIRELRSZEE 25N TS,
R AR IR O W R A5 AL I BB W I IZ B O TERIKEB IR THRY, R AT,
BN ROV 5 % AT R OFR I B Y IR DB VE F 2 0] - W E 353D
OFEHE((D@EERE. QRAWEE, Q)AsRIVMA—UL 7R 2B L. Sl
bWy s 58 FE 354K Bi,Sr,CaCu,0,& RGO RKE UV s-wave BIZEE YNi,B,C D%
775 Z K8 DI S OVBY I PR % 7 2 b SRoL 40 e BE B 5 92 22 1] 2 I D B 2 0 X,
PR ICb B R 45 2O %5 .

ENVL YNLB,C 1IZBWT 1LIT T MRS B ST ik, a2 kEE5L
HARIENLF TR L. ZORFIZE>T/M R RECHE R TIXE M M L85, O
WIS DA B B E B F IR R T8, NXERMTHE TS
EHREERBIZEEL TS, R % 5 EROZL AL A X F IR 0 F 2 Bl iz 78
ZLHPE REERF LRV ARIRBREIRFRERFEBERTLHENINS,
10-15T TRES &% 1 L7z BiySr,CaCu,0 1TBWTIE. #1100 OB HHRSIE S %
¥ ORI BEL NI R h EETE2E B bh ol ZOMAREMITEVREEE T
BAIL, COMANTBRMIZIERIZAE — T, REFEMERTHRMER T, RELEEX
W Bi,Sr,CaCu,0, R IR B I M B IR IETH D STM/STS M€ THENTIETZ,
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M. Dobroka, RK#—BR, A+ R, EFE—, KX &

BARREIBOTHELEMNFREAGE, FUFLBEVILEDEBROTTKL
FlHShE-SECBEBAZOML, TOEELEZRELCAETEZZ LMD
FLOVEFEHRGOFFEEHHNEBZHARDILOOBRTFORBREL S, REIC
F Ik, Corbino disk PHEELEVLEHFE I DHEEUBEEARDBRRICKERER
EFRLBAHMEBARADZNMTSILICKY, Eh-NHREDBRSEHEZE <
VR LENSHAICHBELTW S A LABIE BNEFL)RAFERAL =,
THIZ, FABKRIEZNASARELT, THEEHISSFATRHEADOFEEHBER T
HAHAUMFUBERMAEZELZa04 FRIL,21ITDWTRHE LE3]. —7A,
BEICBRFOHSNHREICNSIVERBEAZRT L, EBTHIRARNER
CEVLEDIZHEFYTSAFyI70—~LANS BHNEEFSILENEASHh S,
BERIZBEINDOKEIZNRTAZELT, pinned i 5 depinned HHAD I
depinning EBMNB B LEWMHTREELE[3, 4], BREWNZLIZ, k22
D EFEH AR TR UK REELFS (directed percolation) ERLEEY SRIZET
BLENHLNMIENDD2HBH[3-5]. CO&SIZ, BARDERICKYFEF4EHE
EBOWENKREERBLE. LALSUSALMBEOXRELZDORBIE, HF
BEOEEALILEIZLEOME VD S>EARBERE, FEHALMIZHESTULAEL,

FLCHAAREBICETIEREZEI -0, BAABHICK>TRETIEEDE
EBHEE7A—JLT3, AHLHAHLD 2 BEREBOAX[2, 618 L1,
TOHRE, XRBERICLDIFVFLERBIEOBREREBTIE, RIIMEMIT—HKT
B UFHLRBRFHENIBLEEIT S L, FLTXRESOUY S/ 1L0EE
ZEBOLTWCE, BRFEHOBIAN0AD 1 ICHERICENT I LERHLEL6],
—F, ERBBHICLIBNERFLABRTEIEICREHEN—KICLY, BFHEL
BUFHEHODEEIBENLEI oz, ChOoDHERIE, 2 HABENECDEHITER
REMEITEBAOEFLE, HEIVEZOEABBETHEILERLTLS,

[1] L. Corte et al., Nat. Phys. 4, 420 (2008): D.J. Pine et al., Nature 438, 997 (2005)

[2] N.C. Keim, S.R. Nagel, PRL 107, 010603 (2011)

[3] SO, Y. Tsugawa, A. Motohashi, PRB 83, 012503 (2011): JPSJ 81, 114718 (2012)

[4] SO, A. Motohashi, New J. Phys. 14, 123021 (2012): K#EHE, EAHIE 51, 547 (2016)
[5]Y. Kawamura, S. Moriya, K. Ienaga, S. Kaneko, SO, New J. Phys. 19, 093001 (2017)
[6] M. Dobroka, Y. Kawamura, K. Ienaga, S. Kaneko, SO, New J. Phys. 19, 053023(2017)
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Enf-MYPREDEHFRICXABHAZRYRLAOMLESS, HFRLTOFERICEK
STENDLHBEVWEREEANEHEBELTOS S VA LBEREEMNBEFLERRNPELD (1]
204 FRTHDODTHRESAECOFFHRRIE, BLOTIL—TITLoTHRARIZEL
THIRESIN2], BENBARTHLICENTEIN, SHITRERELAIBRARELRET
BFEELT, BAEHICLI-TRETIEENDRBEREEZIO—T LTS, AALHEH
HLD 2 BEEROAEBAEZRELEZ. TORKE, SUFLEBLOBERETERIE
BMEBEWII—HRTRESBRFEEEERFRBICHBELTEY, KRV I LEOEME #
CHFRHEOIESEML, EERETH - LURFREICESICLENDOTRLEM]. —
AT, BEICKFOHSNPERBECNSVERBHNEMMT 5L, BRRS/RLICEY
LEHIZHFYTSRAFv I 70— ~LEAMSHHERFENBRASLB2,5]. LEA-T,
TR -ERBEBASRFICHOMEINEZICHHNBFILEERFENEDLSIZHE
EDFSBRABEAERTHSNELECEHATRLEGL, BERHIEENLHEETH S,

AFRTREEBLEAND - RAHLEROFEZAVT, XREHBHICERBHNEE
BESELHEEOS VA LEBLEREROELLE, TOEERA IO —KREBOBAREZTRAN
2o BBICESVFLTEVWE VDY S LELDTEILT 7 ABEE Mo,Ge, B(T. =
63K)ZRAL, EVIEODMENLKMBE 41K 35T TCEREITo. ETANERE
LT, BN =HHREICRHLT, EETHSIERBEHNOEEHRRICEZ AN LT REE N
EEMLz. RRBBALZGTZMMLESRICRONS VA LEBILEOBERER, B
REBNHOEMEHKICRBICHE S, SSHITERBBHEIREBNOREAZFLLL L
2 E, DEYRBRDSBENERZSIESRI LA —FRICOAFEHTHE VNS &H
ICEWTREITHELE, 20T, ANEROEHTHIURHBEH S EERRKEICE
LRI, BBAHZEH L TRARREEZRET 5. COREBICHTIHAHLERELT,
XRBBHAEMMLEEDEBERLEZRA-, TORE, EERETERSILLBARE
THHCIL MDD LTHRFLEAREERFREENKTFL, RFEBOINESEIEREH IO
BMIZHEN 1S 0ICERARBLT I EAAA >z CAOLDHERIE, 5% LHEBIEN
ELBICERBRPBEORRESETRT LS LEHLAFARTHY, —HRICEET H1E
MAREDCETERKRBICET I —LHRFLEABEESA TS ILERLTWLS,
[1] L. Corte et al., Nat. Phys. 4, 420 (2008): D.J. Pine et al., Nature 438, 997 (2005)

[2] S. Okuma, Y. Tsugawa, A. Motohashi, PRB 83, 012503 (2011): JPSJ 81, 114718 (2012)
[3] N.C. Keim, S.R. Nagel, Phys. Rev. Lett. 107, 010603 (2011)

[4] M. Dobroka, Y. Kawamura, K. Ienaga, S. Kaneko, S. Okuma, New J. Phys. 19, 053023 (2017)
[5] S. Okuma, A. Motohashi, New J. Phys. 14, 123021 (2012): KB, BE{K¥IE 51, 547 (2016)
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Clean HBIZERKETO Hall IR (FERARBRUBFETHY . HFITHAI T p iR
BIZEDBE—@IE chirality ERECHAEGHLEICLEY.,. FEDRMEBILGHNS
ENZMAT,. BERBRE Bon BORMYICH L TBRETH D Z & [2,3]H4%
bRTWd, ChbDZ e, JOE—RKEEBRs KBGELTES LAFES
n3% 4.

clean BIEEOHR 7 O—Hall REEL M FEAFERMHEEEETSLSICHER SN
FHEHBIER [56]ICE>TRHRBT I EMNTARETHIMN. COIRBES - EHHIE
HEFTFHET M ILEEIRETEAL,

AFERTIE, LTFISDOVTHET b, FFHERICALSERFL LT, FTHRKEDOR
BRICOVWT, RS- EHHERICIY., DA 5L p EBEEICEVTHEEM
%% U-vortex & C-vortex DIRAB|NEHBH L= [1,7.8], £ s FRETE L EHET.
BERICKNT S Born BOFMHMBRDOHELIT oz, EHHERTIK.
Bogoliubov-de Gennes B TR UK I DARHELS VA LR RAOHEEZEZ IR
F—LLTARBIIRMYFESI ZEMNTEERIEITMA, FHPHIBEDOERY KW IEHE
TJA—RBICBVWTELEEEL LD, KRB HNIE. FHKEICH LT Bernoulli AH
EDESIZHYESMHIZDOVTHERT S [9].
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BEEADETRAABRAXTHEITALIUN—H—FERE, E_BERBEEXDB
RREGEE—HLEBEEROARICALLGN, HELORWEROT NS, —4
T, FALNA—H—FABKEF HFEDROR—LHDRIIFEETLIHOENETRX
FELTHY, ThoOPpEERRTEAVWILEAMOATLS, BEEROEEIC
FE5FTZ3HIIOVTIE, HBEEERICANSZA—LUYAH, (IRFHRFUI I
DIEZIZEZHPPG H), LT, (MEEREZFEDBEZICE-TELDIEN
(SDOS EH)D=Z2AHMES N TS, (DEG)IZTDWTIE, BFE, FALvN—H
—SFREAOEELE L CETEABERICEHDIILITHHLTEY[L, 2], T0HKRE
TRAEXLEAVT, s RBEENIBICATIEERIEBRT7IO—KR—ILHR]2)]
DEELRITHNZ, LAL, DLRF—LDOBREHAIL>THEEINE, (Gi)E
EUCETHAEXEIRLZEEINTEST, (DOMBIZTOVWTIEMBRMICEREZS
NTWBEFEVWEW, 220, EBRELERE=Z20HE2 2 TRYRAALEGTHE
BAZEHL, ZAZRAVTHRKIILIEZHE D s HBEEMIBICRETZER
FEZHELEL, CO=ZD20HIC&LPBRLOERNEELLET HL, SDOS EH
ICEPEMBEEIO—LUOYIOEDELERTHEYXKEL, EBEEEETIE
PPGHIZKBELDELERTEDLIMIKREFVWEVLWSHERZHBE (B 1),

o>

e PPG force
-5 4 SDOS pressure

0.5 0.6 0.7 0.8 0.9
T/T.

K1 A—L>YHh, PPGH, SDOSEHICKDBRODDEFREEDEEKENL
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AW DI, K #F, 46 #X

AR {RE RO MRIESHC BT B BT ICE T 2550, BRI B 5T
5 5 Bogoliubov—de Gennes (BdG) AR %AW THIcfrbTEL (1,2, L2 L BdG
FHEA TR, MEMORKFIGESZ 23 TET, SR 72V IHPF vy 7ORAHEZILD A
2 &, IETPHPREANDINRBEEETH 72, —T7. WOMHTICG ST fEko Al it

A IE, MEMOFEICHERHELIRF X =% § = 1/kpéy D—RE LD ETRIEL T
Tetedh, BHOFNEEZTZ LN TERDP ST,

B, Wk 7 0 —KR—VEIROHET, § D—RDETH L, B—L Y HERTERT VT ¥ )L
DHEICE > TAHEL 34 (PPG /1) & o7 Keldysh RO HRgRIES MG RR M S0 7 [3].
Fro. ZOIRIREL IR ERFEIEACRB L, 00 s BEEHICE T r—L YL
PPG Nic & 20 Lo %2 Z N E NI T 2 2 & T JAV 3T X — & Sl 1C 33
BHEGREGZ5DE PPGHTHS I ENHSRIcho7 4], L L, BAG ABERE Z ofkiElE
IR Z O MER O § EEEZ ZNZNERNICHK T 2 2 Lidftbh Tt 63, IR
HER U RXDNEA T E 2HPAIC OV TR N TV AR o7, EBE, BAG AR TIERER FO
CEMBLRIT 287 2 — §HIBOAET 203, IRIRHES SR OIS BT MR B L 75
WEWLIERNZESPEEFN TV,

K TIE. BAG AL, u—L vy e PPG hE&ARZRRESIGRERIC LS, =X
JG s WHAREAR O I DL - HEH UL ST X — ZIRTFMEZ Lle U, SKBRYE v S5 R X o0 3 FH
BHIZDWCHEiR S %,

1] M. Matsumoto and R. Heeb, Phys. Rev. B 65, 014504 (2001).
2] M. Machida and T. Koyama, Phys. Rev. Lett. 90, 077003 (2003).
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[
[3] E. Arahata and Y. Kato, J. Low Temp. Phys. 175, 346 (2014).
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Anomalous hydrodynamic transport: AdS/CFT informing
condensed-matter physics

OIST

Yasha Neiman (in collaboration with Yaron Oz at Tel Aviv University)

The AdS/CFT duality allows the use of General Relativity to calculate properties of
strongly coupled, non-gravitational systems. However, the field theories describing these
systems are usually not the ones observed in reality. Thus, as far as real-world systems are
concerned, AdS/CFT provides at best a qualitative guide. In this talk, I will present a case
in which such a relationship has worked out in the best way possible.

A previously overlooked feature in relativistic hydrodynamics, intimately related to gauge
anomalies in quantum field theory, was stumbled upon by studying a special case in
AdS/CFT [1-2], then understood in generality [3], extended to the case of mixed
gauge-gravitational anomalies [4-6], and finally led to the first-ever experimental
signature of such anomalies, in the context of a Weyl semimetal [7].

In the talk, I will review the ingredients of this story, to which I made a small contribution

during my Ph.D.
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Vortices and topological edge states in honeycomb lattice
with Cey hopping texture

International Center for Materials Nanoarchitectonics (WPI-MANA),
National Institute for Materials Science (NIMS)
Graduate School of Pure and Applied Sciences, University of Tsukuba
Yongcheng Jiang and Xiao Hu

Tuning the nearest-neighbor hopping energies while preserving C,, symmetry in a
tight-binding model, electrons on honeycomb lattice can take either trivial or topological
insulating states [1, 2], which can be classified using C, eigenvalues at I' and M
points in the Brillouin zone. Explicitly, when the numbers of C, eigenvalues in the
valence bands are different at these two rotation invariant points, the system takes a
topological state [3].

Time-reversal symmetry together with the C, symmetry of the hopping texture hosts
degenerate eigenstates with positive and negative orbital angular momenta accommodated
on artificial atoms formed by six nearest-neighbor sites of hexagonal shape. The current
densities carried by the eigenmodes of negative and positive orbital angular momenta
form clockwise and counterclockwise vortices respectively. We observe that, when the
energy is tuned to the common energy gap of the topological and trivial insulating
structures, currents propagate unidirectionally on the interface between two structures.
Namely, the vortices with positive and negative orbital angular momenta carry opposite
currents, which is similar to quantum spin Hall effect, with the role of spin played by the

orbital angular momentum.
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Bi REE a7V EEDERRAYFERIZEITS MQT & ELQ

FWERKFPEIZEH
EEFEA. WOER, KBE. EBHE=Z. BRET. RRNE

FERELYRFAO 2 RAMEBECEXRRELERORBREBECERL THAPIC
BRIZEBSNDIEEF D 37 Y A& (Intrinsic Josephson Junctions)l&. #KiBIx
BHERDAIMY 3+ 7Y A& (Artificial Josephson Junctions) & B> T, EmER
BIZEEAENRFAT—ILTER - BEIN LD, Al RTEERTELNVELE
DRVWVESHNBEERZHARNLIOICRELBELEZEALOND,

BRE. CORDMNEERTFEFREL, 2EJSVUFBEZRIEREE RN
DEREERENASCDOEUBERA Y FER (LT, BRAAYFER) ITFEBL. &
KEHRDODFABELIYVLEEINIESENLBHBEINIERNEF b RIL(MQT)HIZE
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Investigations of the polarization behavior of high-T. superconducting
terahertz emitters.

Kyoto University!, The University of Tsukuba?, Argonne National Laboratory?
A. Elarabi'-2, Y. Yoshioka', T. M. Benseman®, G. Kuwano?, M. Tsujimoto??, T. Kashiwagi?,
K. Kadowaki?, I. Kakeya'.

High-T. superconducting terahertz (THz) emitters has undergone a rapid and significant

progress since its discovery [1]. Cutting-edge High-T. Bi-2212 mesas can emit THz

radiation with power as much as 110 xW [2], with wide frequency tunability range

(0.5-2.4 THz) [3], and a relatively high temperature (77 K) [4]. Several studies have

investigated the THz radiation properties from Bi-2212 mesas [5]. However, the

polarization properties have yet to be experimentally studied [6,7]. Achieving polarization

control using monolithic methods would eliminate the need for additional optical devices,

which simplifies THz devices, increases its durability and reduces cost.

In this study, we present a comparative investigation of the polarization characteristics of

THz radiation emitted from different types of mesa geometries. We demonstrate that by

modifying the geometrical structure of the mesa, the polarization of the radiation can be

monolithically controlled. Circular polarization (CP) with axial ratios (AR) as low as ~0.2

dB was achieved by using truncated edge square mesas at 75 = 21 K and side length / =

86 [8]. CP with AR = 0.5 dB was also achieved using notched cylindrical mesa with a

radius of .= 40 um at T» = 30 K. Finally, linearly polarized emission with tunable major

axis angle in the range of ~50° was measured at 7, = 72 K using rectangular mesa that has

width of w = 60 um, and length / = 310 wum. The polarization characteristics is

experimentally presented and discussed. These findings expedite the development of new

THz polarization synthesizers.
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Phase separation and pressure effect of FeSe based superconductors
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Layer structured iron selenide, FeSe has the simplest crystal structures among iron-based superconductors.

It shows superconductivity with transition temperature (7) around ~10 K under ambient pressure. The 7,

increases up to 37 K by applying high pressure [1-4]. When potassium is intercalated between FeSe layers,

the 7, increases more than 30 K, and it has been reported as potential superconductors with 7,’s of 30-48

K. However, there is no clear answer to identify the relationship between the surface morphology,

compositional ratio and its crystal structure, mainly due to its intrinsic phase separation. In this study, we

have been investigated growth mechanism and superconducting properties of single crystalline K,Fe,_,Se,.

Single crystals of K Fe,.,Se, were prepared by a “one-step method” [5] with quenching at

various temperatures. The superconducting properties and surface morphology were strongly affected by

the quenching temperature. And it was found that
slow-cooling treatment process realizes a higher T,
around 44 K with a creation of island-like
morphology on the surface of single crystals. In-situ
high-temperature single crystal X-ray diffraction
measurements provide us a hint as to how to
generate such a higher 7. phase [6]. TEM
measurements supported by a micro-sampling
technique directly revealed that the island-like parts
correspond to the K,Fe,Se, structure having a perfect
FeSe layers. The higher 7. phase is formed with the
aid of the growth of K,Fe4Ses phase [7].
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Procedures of the microsampling technique. The
micro-samples are thinned down to 40-100 nm in
both orientations after attaching to the TEM
carrier. EDX elemental mapping were carried out
in the ab-plane of the fabricated microsamples.
Electron diffraction patterns on the island-like
part shows clear diffraction spots identical to
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BREHEFALE-BEEZRFT/NIRAOER

ERH
RiE RE

“yTron” EFIENDHEDISAA AL THOLBEEZHRF T4 RN, &iE MIT OJ L
—FITkYFERINI[1]. SOTNARIE, EE 10nm OBEE NbN BEEZR 10O &S ICHE LGS
JHEEICIMILEZEDT, $ 100nm 8D 2 KAOF/AMIYTRRETD Y FHEEELD. F/
AN YTHNRETIRICEFIEREFRIEBARARELEICKY, FrRILEROBRAERNST—F
BRICELTEIRTEISAF POV (EHEFTNAR)ELTEET D, COTNARDBAELT,
AUSAVDEFREUF(GHEAHEL), HES —b, BLUATUENRESA TS

KFETIE, 20 &S5, yTron D2ADF /ANy T DREEANEOELDESEMILLT
BEEF/ AN ITHEEICODVNT, ZHFTFNAARELTOERBEICOVTERMICEELE:.
HE#r/#BEI280T 2 AOF/RARNVTDEE a B&UY b, ThENDF/ ANV TDEE
BRZE LBV L ETS. London model Z&IZLT, BDREWF /ANy THEETHIILEEE
T5L 2 RABRPHIRIEATHENALTROOND[2]. Ff=, T/RAMNVTNKRETEAT
DEFREFICLIBARDREEEFHITOVTERL, BANRESTIERMELLTEHERERNRK
HoND. TORR, FrrILER L DBERERE ¥—FEFR b LELICRIYTROLE alb ©
BlETRBEICHEMT N, MBEEREETRIEIETCHMTI LN E . COBRBER
%, ERT—A[1EEEMIT—HLI.
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dRBEREF/FTAI VI oREBIRENHEOBLI-B AR -
Rig%

BARFHAALHEMBORATLHER R 4" SEBRYERMHALEE
(RIST)?, University of Saskatchewan®. .
KFHER 'L KEFEE . K. Tanaka’

HEIELYESEEBEEARZRILHLET S d REGERKRE, REOMETOXRAIC
Andreev RIEKREHNEL, 75y PNV FAREICHREIND, COLSBREZE
WISEDF/ 7450 ik, BREHICEVT., BERESHEOHEN-HEI RN
%[1]. F &I, Bogoliubov-de Gennes AR ZF v v TABEX LB CEEFICMHL
CEI2k-oT, COMIZBEVWTIE, 7/ 7AS FRRTITEED dRBTE. in
ICEBVWTIIERBBEFERDO ARKLE s ENELDHILEBALOMNILIZ, BB, 2D
KEEIX, 900 FRADLEBIN T dis HEFKER Y, ZRMICKFLEHOLE
NEAALTVWEIENHEHNTH S,

CDESIEFTI/ITATUREDYAXEREL LTV L, WITHKR - RiBROR
THEAD LA hof-, KBETEH. F4AVEVFBREF/URVEBROF
JTASVED2EBEORITEIT SRR - RBROXRTIZOVWTERYT 5[1.2].
IZ. Bogoliubov-de Gennes AR ZM LN -Bon-HADHER & EH H Eilenberger
FREAZBOVTHEON-HBREBIZERI A ZLET.AEFITOVWTERITSHSTFET

Hb,
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BFfS&7E Ginzburg-Landau ARk H L V-
BEIEVIZHITHBEEENOBMRGES OB

ATKERT . ELH. AHARE’
INEEREE . ANEX. KRB, BEEE. BEHEtHh’

HBHRAT COBCEARNOBERREZZDLIEVITOVTORALEHEDE L > THRRA
ERBZEIDIEILTEIENMONTIVS, —A. Time-Dependent Ginzburg-Landau A2
(TDGL A=) (FEERREBOBGELRRT LA TELIRZRUWETILE LTEDA
TW3, £IT. AARTITMBELZAL3RTO TOGL HFREX %, HIEMICERC L
&> T HEAT COBGEANDEFLHRROB T ZR/EMICRE L. E-JHHEL)-B
HHEOREETE 21,

BEE@REIE—LUARETHBELEY A XZENT, —BOKREIHNI0DIAKE
RELE, 0%, EVOMREBBITEVWVTELRSIEHZTEL. TATIhDBAICE
WTEHEZT>, B 1@ D& 512, BEERICEKKREVZEALELZHEE L. AREKEY
EFHEALEEBEERS. COEVOEETIIBEEEFEELBAMC0LELE L5125,
BREGFAEISOEROFREEH L. EREHIBERA 1 () ITRTARICENEAL T
530E LTz, FEHESLOBREHBBTEZBYRRLELLLEIELVT—EEL, B
REBEENEBEABOREIEZHRIZEZTHELE K1) ICRIHECTHERAERTE/.
EZRELT=. ZLT. B1QITRT &SI, ARRKOEVICEWT, BEX=BICRET 2
RBREFHERE. BYEECRTOHLASDERBAEICEZAIZEVT., JOE—
IDEND L EHRTE,

o
>
5
)

= Sphere Pin(4¢)

03 + Cylinder Pin(3.08)

+ Cylinder Pin(3.6)
o Cylinder Pin(4.09)
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Normalized electric field £

0.1

Normalized critical current density J/
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Normalized current density J Normarized magnetic field B

(a) (b) (c)

K1 :3RTDTEL > aL—>avithitd @FHEETIL O)E-JHFHE (o)) B,
(@ FHREVDETILERLTVD, OIZBEVT, IS5 70DFDER GEREE) LE-
H—TEDREZEEEZELTLS, ©ICBEVLWT.ARRKELTE—SHEABL TS,
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FIEERCEESE d-dot ITHB T AL BEHEFHE
- BRRTETILNZRAWV-REZFHEDORBRH-

KRFFIIKRT A
HREERE A MEES. EERM

BEEESH d-dot L 1F, s-HAMEEHOBEEREIC. VIZBRELED -RKHMEEH OB
HRZEODRAAEMIMEETH D, -REHEZEAHRICLESSE. s-HE CROBREKDOES
HiE, 420/ HHLBEI—F—EEZEZERT 5. -ROFHENIZEY, ChbD—D2—D2D3
—F—BEEZECHAMKRLETE, A—F—NRSA—-FICHMBEENELD, CONEEZETHT.
ISV Y4 FDEFENEEL O . Ea—FT—BEENPICEBYEFHERIEEMICELD L
M, d-dot DFHFHTHY . ChoZHNBERCABEBICIYFEMIEIIET, 1EY FDEESR
FAOIEASHFETE D2,

O—F—EASSICEBYMEREFIARMWICELAHFE.ERBICERDR]IOTEA,»LS TS
NTWd, LML, #EDLZaAL—2aVvETLRIE. 2RTDF&H. d-dot OIKEMEHEE
ISk BHMH (ddot FDI—F—HEEHRT IS5V TI VSRS TIYUEEL. BEEER
ODEHAFA~DAYAH#TE) #FMIT BN TELRL,

BARE, LREOBEOENTOIHIZ, KEEZFEZHWNT d-dot EFILEIRTA LKL EIH
(@], RERTEF.IRAETLEZAVEHERZRZBNL. ccBMEAEDL, BEEAN~OHIS
ODENYDOEELRENBAICEEIROGILT, O—F—EAMICE L2 L BHMEEFORESE
HIZTOWTERT S,

a r
() (b) |
1
1
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z 1
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x (ory) :
()3 RTEF LD xz Wi T (b) ELZeGEIK A N 2 7 EAEE L O xz Wi
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[2] M. Kato, T. Ishida, T. Koyama, M. Machida. Superconductors — Materials, Properties and Applications. InTech (2012) 319.
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T/ BEBREEEDOBRETFREBRR

KERFARI A KBEAFX=ESD
hogk B AERE BB, EREEA

KFS ]ISk > T, BEEKRIZHEIS EEM L BEORRIEFINRELCHBZCLY
BARREANLERT IRBERICEVT, EARROBGERPTIE. BROBISFEHK
DZEIZ. MBBEENE—VEB DLV IV FUIMRNRERSIA TS, COFA
BOBDOBARABFARETH D EZ &IF, Ginzburg-Landau AKX =R =B ELBIEERK
[CHBITERRELHBAEBEERDDZLTHRAIA TS,

BrIE. COERRTORLABENEDLSICRAEL T AE, BINFMI I aL—
2 aAVIZkH>THEBETIHEN
HdEEZ, BITFRELRA
HBENED LS ICRET 200
[CEBREHS. DFEHFEIC
&BVIaAlL—23rETHOT
&z [2], fEZE EHIZE
EEREHEDOTS5AXADES T /Te=0.1 T/Tc=0.6  T/Tc=0. 85
FOBEZERTDEROEN. K :521X51 OFHEHR T O DIEE) D ELHF
BELHIZHELLGY., HFHL
TWWHRFERLT,

D2al—2avIiELTIE, UTOEEAEXZEBRICH L THRIEMICAEL,

dr mp
=L,

P

SCTr EBADLE. [ REVBOA, [, BAMOREN. f, EAYNSOES

%wﬁv&éo%@wﬁivm,@awﬁ%mﬁﬁ@%ﬁﬁ%#:«q—@»§€mut
MFREZRALGBRTRRBERERES 5,

[17 S. Ooi, T. Mochiku, M. Tachiki, and K. Hirata PRL 114, 087001 (2015).
[2] M. Kto, H. Kitago, J. phys. Conf. Ser. 871, 012028 (2017)
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7 ¥ a SRR RO BIRTEBEEMIC B T 5 HAERRES 0K

WH - MRITFERRS

—/ B, EERA. NiEE

SRS PR E DN 7 R IC B W TIE R E VBLEMHEERIC L o TR VAHEREL, R
vy —@IE- ZEIERK, FFLO REEL o M BRI & b FREG S5 0 3 K 251
FENnzd, cnE <, KENHEOBNZHEEL G T2 SV 7 WEICE W TE KRR L
PRGBS MG XN CTE 208, 2N IRAKICEWET R TH 370, ARG A Y
VRRDBICE 5 TEL 20205 5 Th\v, HidhOBURIRHNIC B W CIEREEE ST 7D
SERFE S AR TN TV B 720, BiliaSETh > Th A v 25 RiikE%
Fio, FRic, PEAFSRA T, EEBOBREICL Y 7Y a Bt 2 v AR L 2B TR
B U B, il MR E 22 C O RIRHIE BT O FE 1< X > Tl 2 KI6H T b MrE)
BHTE2 X5k, FvagRe oBEESERE ATV 2,

AWFFEClE, SiEM LT T & Pb A% 2 KICH ic Ff
XL 7= Si(111)-v 3xy/ 3-(TLPb)IcEH L 7=, #EET
AEE la iR T BEERET ¥ v - TH TRy
Z¥ -l Lo THEIRFR L, B2 - KR - @5+
TOBLUGERNE 21T - 7. W N o U E I,
u—Foy Z7icERcE 2 ETHOBEESET v v N
—% v, AEMER S S HIE B L GBS EEN
TiT»>Tw3, T T, ARPES Bl & BSIEHHE
12 &b Si(111)-v 3x/ 3-(TLPb) 124> 2| B = 250
meV & KER T v a e To=23K 0{rE %
BROZ LA o T Y [1], S ENIH 72 (< NS
FCOREZ TN, K 1bIRT L Hic, 5T THIZ
LA ETEBIREICE S R W EBHL 2 E oz,
2 RICHUBERCIE. SPATRES IO L ik EREMEZh -
12 X o TR % 3 BCSBEGRIC X B & 2 DfE (%
v URE)IE Ho= 186X To= 44 T THZ LN 3 M,
Sl 7 FEERES IS itz 0 Hy R
A THEY, A VHAROFELTIET 2ERB RO
770
[1]A. V. Matetskiy, er al: PRL 115, 147003 (2015).
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BRAOERBRICIIBEEEBGEER M) v TRFREBOFAR

ERT #MEXKEI’
e mE', BE RME' BF B FH M FE BE’ FN BT

BIZEX MYy THFHRHEEE (SSPD: Superconducting Strip Photon Detector) &, & FH
BHREZHREETLI-OOE—XFHREKFLELT. ERNZELTERICHREARIE
HonTWB[1]2], BEKET GRE 1,550nm) OE—XFICHTIEFHE, 243>
TOvh, BHAREZOREE. PRS2 T+ A FT—FEDZTOMMOE—XFR
HBEOHMEEZEZELTHY . SSPDEAVEZEFES R Y 7 —2THEKE QKD(Quantum Key
Distribution) ] FMD 7 4 —JL FRERICE WV T, 50 kmBBEE T 74 /N THE kbps DETH
EREENEESNTLS([3],

—7#. SSPD DEMEREBFEFNAHY . TOANZXLNAREICHEBAINTLNEHITT
FaE0, RLEARSNTOIBEREBRE, EFAFITHESIBGERFENTA—2DLEE
ICE->THBEER M) Yy ThICHR-RERANEEL BEEI M)y TERNEIZNAT
ABRICLDPA—LUVYNICERAT 2HR-RERADOBHLZTORDOHREFDEEIC
KUY, EFASFUBZFDICH L+ ~HE nm WEEEREHSEGERBICEBT LN
53DTHB[4][5]e CARETDHSSPDIE, X bY v TORAANZELICEGEIREICER
LEBRICRETHPERNILAEZHRHESELTHALTEY ., EFASFEZOS K DHITH
ETOPHMREFRIELERMICHER S A TLEL,

ARARTIE. BEEI M)y THLSRBTIMEETEZEERIIEL. SSPD OFERE
FHLMCTRL, BEER M)y TEE—HHEEF (SFQ: Single Flux Quantum) 3 ¥ [[]
BONEEEHR ST A/ R 2R LRERAEREZT o, AFASFERICRET HH
REFIBEIDOBBRT—IILTERNT LI LN ERUICFEINTEY[S]. ZOEE
FRICHKITNIETRIKD SSPD DILEBHERT—IL (~F /) #3HMEELESIE—*X
FRUEBZEHTELLEDODNS, SFQMRBREE, MREFLFHRIEARL T IREDR
THY. M O2EIRDOEN-HESBEZAELTWVS-H[6]. BREFEHETLI2EDH
BEHLBRETHD.

5| A Xk
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EPRBEEHICE I SRR T O—EAEORSIHIRED
S SRR

EEEBINRAIIERT B e R seaRrT
RE— RO R, BE RE WE =

Okada5 (T & > T SKRBILERICHE T DHER 7 O—BMEOHIGKEENRBNICAE I N
[1]o HEOSDEBRTIE. cEBHBET TCHVWEBRARMBEEZRAWTAE L LRA( Y E—F Y ADSH
R7O—EMENTFHAEI TS, LiFeAs[2]& & U'BaFex(Aso.7Pos)[1]Ic X 9 2REE Tld, BIcE
Fryv7IRILF—DEAMELEZ/N\Y RELIHER 7 O—EBNMEORBKFEONRIRZEASE
% Z ENdEBEEICXE T % Kopnin-Volovik DIEFR[BlICcE D E EEMICERINT WS, LML,
Kopnin-Volovik E /L ICE D K Y AR O EEHRRR[2] TlE. B OEN FEMRE o N HEIRER
REOBIREL..FULWERESNTWS, ZORLUIRERBLEERTIE. Fv v TREBEN
BfRA %/ er DV NE WD T, AR EBGEEREEABEDLOHYTH DN, FERREBEERT
&, —MRICIEMDIZclaWEEZ 5N %,

ZFIT. ARE TR, ERKRBELEEDLZ/\Y NBEGEEADSANTERERE T B0, o
= nEREET. BEOENFHEAELZELHBRICEDSHEL., YHARZIMT 5, FES
FEEBorm AL TREMBELZIXD KW, ZRT7 TILIEICH LT, BRICHIF 2R MYIC LS
BIXRILF—ENFHELEZHET S L. ROL S ICBEERMEICK 59, BREREORELE
ERBEZEUKRDIEVWSHERESC o= m& T DIREIFZRITHED R VB R RBEEAICKE
UTIRELETHDESEZAD. UD U, dityRBEERTIE. o = & T RREFEFEEDRITHE
[CEOFTHYTIRBRWATEESENH B, Ffc. NaFeos7Coo0sAsPFeSeosTeoslic S WTERAIE N TL
5. FEBEMEREERELAIME R 5 & IHARINNS < ARDIRDEV4]F. THYBRENRSOE
HTPREICEZ Z2MBEERICDATCRENB D . o= u& T RIREEBAVWS ICAMIEEE B
DEESBorma S U < ETTILEMZ AW RESE TUNMRIT TERWT ED DD o T,

HETIE. FELE—/N\Y RBGEADERICE T BENTEERICMA. HE7O—IERED
BSREENHARICOVWTHERT %o

BREAERZ U TWEWeRIEKREEBEM R KPR OB EERIE L ICERHBL XS,

pairing symmetry (I'(s=0.05A, iﬁ’));}-/Fn
s-wave 1.363
line-node s-wave 0.662
d-wave 0.746
s+g-wave (point node) 0.678

= BROBGENIMEICH T 2ERTEELE, 8ELEE T o )LITELTFEL, BEERHEET
BRI T\Wd, ERFREIRILF—Ide=0.054.& UTco

[1] T. Okada and A. Maeda, Solid State Physics 51, 509 (2016) [in Japanese].
[2] T. Okada et al., Phys. Rev. B 86, 064516 (2012).

[3]1 N. B. Kopnin and G. E. Volovik, Phys. Rev. Lett. 79, 1377 (1997).

[4] T. Okada et al., Phys. Rev. B 91, 054510 (2015).
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B—HRRBRADXRBELE

RRAFRAEILHER
2 BR

HASLp BBEERLBZEDHRBRICIIAS T ITILIFAUARBIATLS
CEIFEBHUICSRINTVSED, RERICEKIEBENLEAERLERL TULAEHL,
RAZFTITILEFAVEHFERMFAR—TH D=, £F - HREEFO_F
NEOELGLY, HFREESETDHENTEAL, BEDIIILIAELTD
HEIX, Z2DOXIATF I LI AUNRELGDIILETHREIND[1],. TDH.
BELRDHMERBRICERBIACERNFHMEN R EL>TWEIILERTIENTE
nNiE, BRFMENYIS T IILIFAOTHICLOEENLGIENLEE S, ¥ 3
STFIILIFAVENLTCHERRBASAREGANIE, HRBRAEFOEAMEICETE
E—REFTRAEL, XFE—FIBENWD LB IS, BEBLROEHRE
X, BMEBRICKAEBZENTEHIETHERTIIENTES[2.3],

AFERTIE. BMRBABFOLEAMEBEMET 2EME L TITo. BE—HEB
RORXREGLEEZEZHRT 5. BERHECHE-—HWEBRAOTEHREFTHESL L.
EHELTMALXREZICRT HRBICEZE Keldysh BRXDEGTHRT Y — UBEHK
NS —BREMIDPABEREMILTROZ, COB. ERMOREINRESIND
K5I12[2,3], FHAST)—VEBEBEFER. THYPEES I RIILE— BHATY
VY LVEHOCEEBICRET S, Bon-#EHAS ) —UBERERVS L. XARE
BICEAPBFEROEMN. FEEEH. FEER. ERPLEZHET I LNTE
5, BEBABRFOEAMELZHR TSI EEZRIEA T, HEBHEOSE/IZDOW
THERT D,

51A (1) Xk

[1] C. Nayak et al., Rev. Mod. Phys. 80, 1083 (2008).
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BARICBETSTOvXUITHER

HIXHE
BRES, KRB B, MIES, BEAR SFE—, KEZ

FUFLBEVEDRTF UL LR TRABFEZERBHSE I L, BHH (F
B) MIPSCEVLEDHMENRSVEZFICHEK, BAREMNSHEN - ZENIICH S LY
7S5RFy2 78— (PF) BEHI, BBNHEEXRSEEVLEHDOREENELT
5L, BARDIAE—LYAHNEEL, +2LEERETREIBFHIO—DIS VY
A70— (FF) BERTBH[1l. COLSBTRBAROBKIGREBELT, FHICHFE
EETI2EFEEHZEZHRDIC, B 2SaL—YaveRBRICIYRRONATES,
BRFEVEHLARTHAEROBEZRICENT, ERRBARD S EHERKO A
EMN b IEFH depinning EBRDOFEEREMNICRLTERR2], LAL, EEOD PF
BIZET5RADIANETIO—REBEPREICOVTIE, FERRICLIST2GHMER
BELSATHEL, COMBRBARICBRLEYD, SVALRTUO Y LHEES
TEHRZHFRICEBHEEBETHDI DL, TORAREETH 5.

ARRES VA LBEVIEDHEL DT EILT 7 X Mo,Ge. BEEZR T, PF RE
DMAERECET IRBEREBENICH/ILEBNEL, T, MSVLERES
EfL,ZRARICHMMLPF LAZEEREBEZRIAL=R, BBHZUY, BAE
BZERESED. Chz inputBAMEBEL TS, 2FICKFLELERAMELFES
RIS ERCKEZSOERZHNML, EEDORBERREZAET 5. CH % readout
EREESR, TORHR, FAICEBSE-LZIZOABE (RE) KHR =0T
RECEBLEA > LRIZT CISHAV T HBERENBA Shi=, readout EFD M
FICKLZBERENDBEBISEOREVNOERIE, B<EVLEHSIhERANLBENEE -
FEEAEMAICFEEL, ChABBALGRAAZEZLEHSZTO VXU IHNEI LT
Wbt-beEEZOND, T§hHDD [ EHFMIZ readout EREMMLI-EZTDH
TAYXRVITRHEHEL, TOBRADERCIIRABEEN=0TILL LMD 10,
ZEMESEFFOEREREBZET LERICEFE LR L readout RERZ TS &, BH
FRAICLPIEEDBERZOEZIBRA G, o= CAIFXFFRETRHEVEHHR
MpELTOYFVINBRAGNEHEEZLOND, PFETHRASIhE-TOy ¥
VIBRRE, SVHLBEVEDRTF UV Y LHORFERMNS I 2AL—23 2T
BESNATWSI/O0vF VT EBELTVSAHEEERERET S8,
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[2] S. Okuma, Y. Tsugawa, A. Motohashi, PRB 83, 012503 (2011): NJP 14, 123021 (2012):

Y. Kawamura, S. Moriya, K. Ienaga, S. Kaneko, S. Okuma, NJP 19, 093001 (2017)

[3] C. J. Olson Reichhardt et al., PRE 86, 061301 (2012)
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RANEA, thHEEN

EE, BANZT v 2 L ORGRE) 3He ICB W TNV 7R TIIERTE &
W=7 = AR O FAE Y EHT LS 2o TEY, TOM
TOREHEEHQV)HEAMY /23N T w3 HOV HBic 7 vy = L
DEFUHEBEDL I b TWEDr%RFARLHANT, vy INs—Fv
FYHHTIANVF -0 T T 4 v FEHEMEPGRIC X D FH~ 7, #R 2
Hz7edz Vv CRed, EHHZ T 2 AficEnwTd 27542 ME
DERZ T ARRICENCZO—EHBHMT 2 L5 IR BV A oMk,
DI LT ko T, #RE) 3He DMAEDLEERICEL T, A2 D& ICE
5N T 45 % (E. V. Thuneberg Phys. Rev. B 36, 3583 (1987))725, =7 o3/
zAHFICE T T 2 AlREE S H 0 . FEZ T o 7%, 7. HQVIZDOWT

bR 2GS 2 L aHPRIE, WE L7z,
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KRIF fEd g B

FASE I RE AN 2 L T < & BEER O SRR A
T B, IMBREYS T OBIRERN ORI AORR & LT, BERIRE &k S
s 5 (1], B E BRENICERBI ¢ s u—L Y b Enaiiif 5mEic
B IO N H o L ERIRENENRETCH S, —FH T, MRE
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