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Memory Formation in the Transient State of a Periodically

Driven Vortex System

M. Dobroka*, Y. Kawamura, T. Kaji, K. Ienaga, S. Kaneko, S. Okuma
(Department of Physics, Tokyo Institute of Technology)

When a randomly distributed many particle system is periodically sheared and the
number (n) of the shear cycle is increased, the particles during the collisions gradually self-
organize to avoid further collisions and transform into an ordered structure [1-3]. This is
called random organization. It has been studied both theoretically and experimentally that the
information of the input shear amplitude is encoded into the particle configuration and it is
readable by a subsequent readout experiment with different shear amplitudes. This
information is readable not only from the steady state with n—° but also from the transient
state with finite n. These memory effects have been actually observed in the colloidal particle
system [4,5], while it remains unclear whether they are unique to the colloidal system or
universal in many particle systems.

In this work, we study this problem by using a superconducting vortex system subjected
to ac drive. We use amorphous Mo,Ge;., films in a strip-shaped geometry, where the
reordering of the vortices is exclusively determined by the local shear due to the random
pinning potential. We show that the system remembers the created vortex configuration and
the information of the input amplitude is distinguishable from the read-out experiments. We
demonstrate that the information is encoded to the configuration not only in the steady state
but also in any previous steps, i.e., in the transient state. Our results will provide a deeper
insight into the general issue on how an initially disordered system evolves towards an

ordered structure during the random organization process.
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Manipulating Majorana Qubits in Terms of Josephson Effects

International Center for Materials Nanoarchitectonics (WPI-MANA)
National Institute for Materials Science
Xiao HU

In a very recent work [1], Albrecht et al. demonstrated successfully the existence of
Majorana quasiparticles in 1D topological superconductors. In spired by this experimental
breakthrough, we propose a way for manipulating Majorana qubits [2]. The prototype
setup consists of two 1D topological superconductors coupled by a Josephosn-Majorana
junction. We show theoretically that injecting current into the system induces a
Landau-Zener-Stuckelberg interference between the parity states of the system, which can
be exploited as a universal gate for Majorana qubits. The rotation of Majorana qubit on
the Bloch sphere can be monitored by checking the power spectrum of the microwave

radiation from the junction.
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BRIF.BFRART—ILTOa IV UEENSEICERSIN-RERILWBERER
DMNEEES a7V VEEGUNICETIERNEFFORILMQTBEROARE
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AYFUOTERPAMBEZTL., (1) F2RA VY FILFEIRAYFTHIEASH
5MQTHIEHIEERBTO D2 —LERASRTEBRBATELGL1]. (2)FRAE
[CHEBDIFEMBERA Y FBRREBEICETI2NEBHEENEN N ERIND, CORELIL.
HEIEEPEEREICRAYFLERBICRETARBASa L IVUEROEEN
BUESSHDESIZHERERLTWS I EEZ@MCTBLTLS[2]. (3) BE2RA Y
FERIIHTEIIAVOKBHERIAL, BEICE1 XM YFERD MQT KET
BASN-DLRLUMBMNEFEMBERELQDIRFEVMNER I T-[3]. Zhlx.
MWWV OBERHFICKDIRT OOV ILEROERAMR L ELQ #&ZELI-=FH
METIVSICTEEMICHEATE, MQT MEFARASINIEEEE L YVSEAT
FERASNGE, GEORREFT-,

SHIT, A, CaVA bEYT—EHMEBRLEZARARE F—FHEOD Bi2212(7.~50 K)
DWHRFIZTHLTHLER (1) ~ (3) LRAKLGHKRZER[S). aRASAYFE
20O MQT B EIEF Y VT F—TEITIKS T . T/T1.<0.13-0.14 DBEMEEH TEA
N, BRERBFENTEF—TEHIZELVT HH5EZFTHEXD MQT B/ TFRISH
5MOQT XEBRELEDTNALKIT DI ENHBBEALI-, SEIT. E1RAYFER
TMQT BEMNRA SN AIBEREHDATEDLITV.ERRA v FERIC MQT EF
NDERBAZBEET,
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Generation of circularly-polarized terahertz waves from Bi2212
intrinsic Josephson junctions

A. Elarabi', S. Tokito', Y. Yoshioka', T. Doi', M. Tsujimotoz, and 1. Kakeya1
"Department of Electronic Science and Engineering, Kyoto University,
Nishikyo, Kyoto 615-8510, Japan
*Faculty of Pure and Applied Sciences, University of Tsukuba,
Tsukuba 305-8573, Japan

Since the first detection of continuous electromagnetic radiations from intrinsic
Josephson junctions (IJJs) included by Bi2212 high-7, superconductor [1], intensive
investigations have been performed. So far, it has been reported that emission frequency
is in a range between 0.2 and 2.4 THz and emission power is up to 600 pW under the bias
of ~1 V. The radiation is described by a synchronization of standing waves (cavity modes)
of hundreds of stacked 1JJs although the lengths of the 1JJs are not uniform because of the
trapezoidal cross section of the IJJ stack [2]. With respect to various applications of the
high-Tc terahertz source, polarization properties are crucially important. Although linear
polarization has been argued in the early stage [1,2], detailed properties have been
remained unclear.

In this presentation, we discuss emission of terahertz electromagnetic waves from two
truncated-square-shaped mesa structures of Bi2212. The polarization of the emitted
terahertz wave was determined by measuring transmission intensity through a rotating
wire grid polarizer. In one mesa, we found angular-independent transmission intensity at a
bias voltage, which implies a circular polarization. The axial ratio AR, which is
determined by major and minor axes of electric field in the projection plane (parallel to
the mesa surface), varies between 1.0 and 2.1 with varying bias voltage between 2.1 and
2.2 V. In another mesa, angular dependence of the transmission intensity suggests
emission of elliptically-polarized electromagnetic waves with the minimum AR of 1.6.

Emission frequency measured in this mesa is in the range from 0.43 to 0.44 THz.
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[1] L. Ozyuzer et al., Science 318, 1291 (2007).
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Kadowaki, Nat. Photonics 7, 702 (2013).
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EAMAYICEITSH THz RO FH iR
THz Wave Oscillation in a Square Shaped Mesa Structure

FRAZMENER . AFRMENEHEHER Y
FIRGAIS 2, ERTE Y. ARHZ 2. AN Y. &)I1ER Y, BhkE 2,
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Fle. BNBEEXKRICARBEBZEZMAERICIE. BREFIIHSED
BBWMAIICZ < /BT BD. GLINTGA—Y K DIEIC K > TEDEENER
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[E] GL/S5 A =4 kIS & HAEHBIZOHWREBE~OELEZNEL, 3D2ORIFFE—
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IR REEHA R (Z2) 252, ARG CIEME - T— L FA =RV D
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First-Order Phase Transition between the Meissner and Vortex States
in Three-Component Superconductors

'Research and Education Center for Natural Sciences,
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Zhao Huang' and Xiao Hu?

Multiband superconductivity has become a prominent issue since the discovery of
superconductivity in MgB, and iron pnictides. One interesting aspect is the interband
couplings which result in nontrivial phase differences between gap functions. When there are
three or more bands, repulsive couplings can induce a frustrated state where phase differences
among order parameters are neither 0 nor m, leading to broken time-reversal symmetry (TRS)
[1,2].

In this work, we explore the magnetic response of this frustrated superconducting state
in terms of Ginzburg-Landau (GL) theory. We find that at H. many vortices enter
simultaneously to form a lattice in the whole sample, yielding a discontinuous jump in
magnetization and thus a first-order phase transition. In the mixed state, phase differences
among order parameters are either 0 or 1 (non-frustrated) everywhere (even areas between
vortex cores) and the magnetic field is only partially screened. The possibility of this first-
order phase transition was discussed roughly in a previous work [3]. Here we reveal it
explicitly by analyzing one-dimensional domain-wall structures, from which the lattice

constant can also be derived analytically in terms of parameters in the GL functional [4].
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Meso—-excitation imaging by using
a delay-line current biased kinetic inductance detector
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BB (KBRFX). /MEEIR (KEK). ZIg%kz (NICT). BEBEX (AIST), MUESB (RIELXEH)

BEENEOFDRICI>TVEIEFMD—DEFEEoH—THD, CcOZEF, MBTEZEED T,
oD BFTHONTIWVWETEL, BREEDZEAL EAMTELATRLVLHETHA S5,
BREASV., BENELD., 2BELASVD. TRILF—HENVLBLOEELILOKEALALHAEICHRIL-
TWd, BEICRHEHBOERZRETAL S, BEE MU RILES (STY) BHEHBOMRLELLT
Kurakado S5O EMNSIBE>7=[1], Irwin SOBEESZBIGE Y — (TES) XKD FEK X
BREBOIRLE—5 ﬁﬁﬁ%’éZﬁT%/*”“bt [2 3], Goltsman LICK YRS BEEF/ D
ANE—NXFHRES (SNSPD) X, BABRICEVENSA TAERTEHE N, EFHESEEICHE
hNn3[4,5], Imuidzinas SICK YRBESIShE=IA IV OREBEEA VF 02 XAH%HEE (MKID) (X
JIAVYHIREIROEESSA VA V2V RAELRZFRTSIARTHY . AERHKZEAICET 5 [6],

AA=—DVITNARERF BHOEREBRT HDICHABINEDOFERIMETESI Y —
BERLTWVWS, EAE, BHEVIYEZEBLEZY . WEORE TR LEYLEZEEDRED
BEENELLTVWK T2 2ERBTELLELNEHTHD RBELTIE, £, BHR. L—F
— VT HFRTLRV., EYDITREIERD-DACMOS £ H—THS[7]. CCD AL %K
DEMEIHZTHET SO LT, CMOS FEBERBRMTE I L T LICHEIESRZH D CMOS &,
FEREXOHANEFEEATRY., BERICLEFEORMEALNES S M,

BRLHLVWREFLTE[8-15], ERNA 7RSI =-BEEN HRICEFMOBREICEY
EREFPONDBCERETLEHNA VI IS VADABRLGBEBFMELTERENNLANEREINDS,
D—IN—XMN2ODERMFICHEBEL. EBNA o F V3 ANEL. ZORBFMMAICHGI LB
BRNBHBENILRZF RIS BEEISVFEEFERTRTIONIEZRNIYTSA 2B
BN ARKRICEWVRETEBTES, T, CO#EX., JosephsonEED S-I-SEFILES
EZIZLEMEETILT, EMTH/LRIE Swihart SILREBIRTEDZ ENDho=[16], 2%
HMOBHMBREESGFEHOBBEHAATENIE, SLAREBRNFEETCETEE-H. HE-TETERRBR
CBKID f A=V ¥ —,RB2ENTES, FILLWAVYBEBGRY FRAKRY RM)ERA A =D UK
. . X, v B, FTEE. PHEFRLEEBLECERTEDILEZTLS,

& % xm

[1] M. Kurakado, H. Mazaki. Phys. Rev. B 22, 168 (1980); Nucl. Instr. Meth. 185, 141 (1981); Nucl. Instr. Meth.
185, 149 (1981).

[2] K. D. Irwin et al., Rev. Sci. Instrum. 66, 5311 (1995).

[31J. A. Chervenak et al., Appl. Phys. Lett. 74, 4043 (1999).

[4] G. N. Goltsman et al., Appl. Phys. Lett. 79, 705 (2001).

[51 S. Miki et al., Optics Letters 35,2133 (2010).

[6] B. A. Mazin et al., AIP Conf. Proc. 1, 309 (2002).

[7] https://en.wikipedia.org/wiki/Image sensor

[8] N. Yoshioka et al., IEEE Trans. Appl. Supercon. 23, 2400604 (2013).

[9] T. Ishida et al., J. Low Temp. Phys. 151, 1074 (2008).

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

[11] N. Yoshioka et al., IEEE Trans. Appl. Supercond. 23, 2400604 (2013).
[12] N. Yoshioka et al., J. Low Temp. Phys. 176, 273 (2014).

[13] Y. Narukami et al., IEEE. Trans. Appl. Supercond. 25, 2400904 (2015).
[14] H. Shishido et al., Appl. Phys. Lett. 107, 232601 (2015).

[15] S. Miyajima et al., Nucl. Instrum. Meth. A, (2016) in press).

[16] T. Koyama et al., to be published.
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BERNATAEGCEEDA VE VA VARBEBODEREORR S

B KZEELH* KRFIAI®
ANLUEER &, PHRERM

ABRFR-BRAITIL—TIZEKUVRAERIEDH SN TS BEEMBR ZE AL TSR
BEBROHNEREZ2BCEERI{ZICESVTHEET S, COBREBOBIZEMER
. BoEBLEBGRBROBEREREBEZHE > EBOLICEBESNS, LEA-T., BH
I SIS BOEREEZ LD, MHBROBREIEIRODLSIZThN D, BIzEMR
[CERERZRT. COMBICHHFBRL LI EBAMNICEENLREL, Ry PR
Ry FAEREEND, CDERY PRERY FATIE, BRAZENELT S50, 8
GEEROBHEMZEBNELS, COBBR. AV F I T JICERNILADNFEET S,
EEBRTE. Ry FRAKRY FT, 2 DOBHOELGLLIEE/NILANEL, COBEN
IR, BREMREICE T, EVWCHEAMIC—ERETEREI S EABHALHAIC
SRhTW3, LR >T, CO2ONBENILAEZMBEHRIFTHRAL., TOEER
MODEZATET S LICEY., HHEHBOBEBFMEMENRETETDHIILIZHD,
COBREBOBEREBZMBAT H-6H. LT, COBREFN S-1-S BDEEEE
BRELRMESAZLIZEB LI, COBEZHE ODBEGEEREIL. tunnel BERMN%
KFXYNTATICOHEELT SIS EELFEMTHS, LEEA->T, 2TORD
BERNZE. 2 MOBCEERHMOBGEMEEND I A FTIIVRELTERTLHON
BRTHD, BRI, BEEMRERNIERORFMNESZNNIBEL T HHAEE
DHEEXZEHL, REBETIE. COAEKXDEN., Ry FRAKRY FTRET D
BEENILADBEEGZ#EHICERTEEZIEERT,
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Vector Scanning SQUID system for High Spatial Resolution

Vu The Dang'**, Ho Thanh Huy'?, Shigeyuki Miyajima', Hiroaki Shishido'”,
Masaaki Maezawa®, Mutsuo Hidaka® Masahiko Hayashi’ and Takekazu Ishida'

"Department of Physics and Electronics, Osaka Prefecture University, Sakai 599-8531, Japan
*University of Sciences, Vietnam National University HCMC, Ho Chi Minh, Viet Nam
*Institute for Nanofabrication Research, Osaka Prefecture University, Sakai 599-8531, Japan
“National Institute of Advanced Industrial Science and Technology, Tsukuba 305-8568, Japan
’Faculty of Education and Human Studies, Akita University, Akita 010-8502, Japan
*vu-dang@pe.oaskafu-u.ac.jp.

Superconducting quantum interference devices
(SQUIDs) are used a wide fields of application such as 3DSAUIDG3 CHIPA
magnetics, electronics, biology, spintronic, security - [
analysis, agriculture, information technology and
physics [1,2]. The conventional scanning SQUID
microscope can observe the distribution of local
magnetic fields by scanning a single coil which senses
magnetic fields along the X direction in the X-Y plane.

We proposed a novel scanning SQUID microscope |
with high sensitivity for a magnetic field vector [3]. We
present a vector scanning SQUID sensor, of which the
X, y and z coils were placed along the single line. We
consider that this ensures the sample height is always
the same among the three X, Y, Z coils from the sample
surface (Fig.1). A data processing program contains an
inverse transformation and two filters which base on
features of scanning SQUID sensor to solve all of these
problems such as angle of sensor, particles and  sensor was fabricated
contacting surface [4]. The cryostat system has the
cables required in our scanning system, an XYZ piezo-driven scanner, and a safety structure
to prevent the sensor from crashing with sample. We also build a I-V curve tracer to examine
the basic properties of the SQUID sensors.

This work was 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). The SQUID sensors in this work were fabricated in CRAVITY
facilities at AIST.

[1]J. R. Kirtley et al., Appl. Phys. Lett., 66, 1138 (1995).

[2] H. T. Huy et al., Supercond. Sci. Technol., 26, 065001 (2013).

[3] S. Miyajima ef al., IEEE Trans on Supercond., 25, 1600704 (2015).
[4] M. Hayashi et al., Appl. Phys. Lett. 100, 182601 (2012).
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A4S BABEF/ECEE_BEBEICETS
BRNE DS - R EKFHE

K BR FF 3L K=
BHEX., mEE. FIIKRE

DS N BABEREHFTOMMEGKLE LT, RIAFEHZEDO TS, CORHM
F LR IREE %A & Dzyaloshinsky-Moriya #HEERDEESICE Y .. A
DAY ZHIKE—AV IR BAREGTIHIABFZEEL. BBOMNMITEY VY
FrOBOBEABEEFLAAMMICENSIBEBEICEILET SIS ENMBATILNS(11[2],

BERECOHMHALEGEARO_BREICEH L, ARG LECGEADZE
BEICEWVWT, BEEABICEALERNICEHE AL LEEFEMINGHOGNATINS
[3le —A. WML BAMBEEKIEISBABMIBEFEZFEOL-H. BEEEKICIEAY
AVGHENRHNMEhEENEZAOND, COANYDLGHEICEY., EGEK
BICH—LGHMBOBALEBERL Y I-RIOLSLTRBARENTEONDS Z ENHFH
¥k 5[4]0

BRIF, DMV EABEKEBEERO_BREICETHBREEL., H 2
DEHSLBRELHMBZEELESE-ROBARKEBOELIZOLWTISaL—Y3 Y
MAREITo-DT, XRERTEBEITS,

20
¥/$0 10
0

y/§o ;‘g : v : 0.065 ; :

0.04 < - : - H, i *

002 (®0/&8) .l DO0000000 |

-0.045 50 .!1‘(/'?” 150 200 T/TC

2. N4 Tt AR /B
1. A4S b HABER —EEEICHITSEE-HIFMHAEK
MoDWIHICKDBHRINEE
51 A >CEk

[1]Y. Togawa, et al., Phys. Rev. Lett. 108, 107202 (2012)

[2] J. Kishine, et al., Prog. Theor. Phys. Suppl., 159, 82 (2005)

[3] I. F. Lyuksyutov, V. L. Pokrovsky, Adv. Phys. 54, 1 (2005)

[4] S. Fukui, M. Kato, and Y. Togawa, Supercond. Sci. Technol., 29, 125008 (2016)
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EER SQUID BEME-HBIZRE (CT) ICMITT

MEXEHE XL LS
W OEE

EER SQUID BEMEE (SSM) (&, A VUMb F/ - AT — )L TOHERS HMEB DA
AGEY—LTHY, BREFEOHANCHZEELLTE -, LALLGAL, EXDA
EF2RTEATHEEARDEROAF v VICRONATEY, RE3IRTHBLA

U EBOHMEOBAERASATLA "
W —HT, BEYL—T (KERHK) | B

2k >T, 3 RTHIBO BT AL SN dxv
DERLBHALATHEYI], ZOKHA
ICIFEELAETS, KRBAETIEL, SSM
DEGISH > TILREO 3 KT

d X vy —

d x v —

HicamDET, $hbhs, o7 S N
NBTOMBAE, SRBOHIED |, ¢ e -+
ravEa—42WERS] (Computer H SanplcHEY ;
Tomography, CT, B 1S 8) Nalggmn & d“aéﬁy Uimn==oRaE / ";zfn;”
SMREHT 5, = 1

Ridt & 15 & 1L Biot-Savart DBl (J, = VXMTHRILEREBEEEZESETS) T
HENTHEY, ZOBEBRRERTHI LMD —BICHEMATEESE EHA A,
EFEY Y TN NS EELAVESIABRRE (M2) 4BET L e
5, MERRICARET A EFFRAETHD. — 5T, BH (Qu=V M) FEA
L1888, NEBOMBIE-ORENDS TIRABEREMC LITE->TELAS
MERRToo¥ILIZ&>T3H Biot-Savart D%

BlEA#BICERTES, BAEHMEHEORE,

BN HICELTIESMOBES, S BNEETE
ETEB_EERE LI, $Hbb, SSMIEME

RET B EFHELRVA, V.- MOERITES
CEPHERBEEZLOND, D=, A—L Y

VEEMEL &L HBHRY —IL & B A RN A =2
HETE 3,

S HRICHR

[1] S. Miyajima et al., "Vector Pickup System Customized for Scanning SQUID
Microscopy", IEEE Transactions on Applied Superconductivity, 25, 1 (2015).
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2 RTEHBIEERIZEITS FFLOKELBARAFAFIHR

MR A RRKBEYE BT K C, KX P,NHMFLE, UCLF
FiaEth AB iEEE AR, BEEZz A FIEM A, FIBK—A,
fﬁﬂ% C fFT"ﬁ'TD, BRI D, D. GrafE, P. Day¥

BHT2RTEDBRVEREAETIE. @RAR T/ ) BHEEER Heoy ) B2 2 KELER
REE H, KRBT hE e H b, 22T, BEERFERNEER TIRET S Fulde-
Ferrel|-Larkin-Ovchinnikov (FFLO) BB{=EARE L T 5, FFLO B{EEMNERT 51=-HICIF.
MWBEDRIFESh TS L, QBGENV Y-V FTHEIZENEFSATL
%, " HOBRABBEEARTIE, 2RI IED THELV=OIZ, BBIEERICETHEFICE
HENRNBCHHSATE Y., BROBELIWVWI NS, FFLO BEEEZMET I L1
LE-BEERTHDIEEAD, CCTlE. BIT2XaHoBVLWEBRERBIEERR” -(BEDT-
TTF)4[(H;0)X(C204)3]Y, X=Ga,Y=Nitrobenzene (3" &) THERT S FFLOKELZFDa LTIV
VRLTFYIRAWWDHEAFSORITOVTHRET B,

B1(Ep” & (Tc=6K) OERMEHRDERA
BISERFEE R LTS, 0.36K TIX. EHRIT
1T TREIZHEM L - RICHE S A EEREFRE
ZRL.WI12T TEERRITHEMT S5, COR
Ty THRSAEWE, BEQOLRLLEHITH
flzh, 2KLLETE. E-oFVY LEBATE
Gl %, £-. BIHZENANI L EEAM
(2 2 EREBEIFLLTT. 2Ty TEBELHE
X¥H. COTEMD, ARGERK IV DE
BICLDLDLEMRTES, MK FLYAIE
TlE, 20T fhHEFE TR EF A RN & FERTS MR
HEVHNBAITESLZ LA S, He2 (20T LLE
THY. TOEEFTKEL Ho TEBZ TS,
ZD1=8. FFLO BzEAFKE L T S ATaEMH
BEW, AT v FHEEL. FFLO A~DEBIC
BELEZINVNDIFSFTIORICKDBDLMBIR B (T)

TED, 2 2TLUETESSICHMEE

MERTEASAS, CORSBLR.FIOE B prEOEREROBSRE,
GERFERORERR E VRFREEDE

BHMRTHATEZ S,
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2RAEABBEEFKICETHRBARBA L FFLO KB

AREKREHEYE. "YMEE. CEH. PTILIUOXEILHREMR. FLABIEX
HHEE A, BEEZC FIBAX—B J A Schlueter®, RIXEE* FhH#th 4B

F2HEBEERKRTIX,. BALEHEXRBSR (Vortex) ZHBE L. —fRHIZT T
AV IZAKTFERT ., EETIE Vortex Solid IREEATN B A, HIZZXmT(2D)E
NDEVSEBCEROCERBELEERTIE. 2D Vortex Solid NEHODMEMNSHL S
EMNERINTEY., BEEEICKH L TEEAROEISE T CIXZOFMMNEAJICH
REINTWLDS, iF, B 2D EFRZLO2BEERICE T 5EFTHEZED T,
BEDEBEN OO THENY —/N—xFZ K SHHBIEE (FFLO) KEEDHFEEZ "B T HER
HEENRESIN TS, FFLO BEECRHMEFEHNAETEH CRAMMNLEEEZED
CET. N\DYBREY XREFLERHEE (He) FTEGEENRTELTHEELXRS,
HBEEEEFITICHBZMML FFLOKRREBICHS T, EBRNICHRFEHL/EDIC
BOAMAMNELD-H. RFEHOY—LBEEREBELIEIEL D Vortex IKREMNEAFF
TZEd, LML, BRNARDES VRSP Z 12, @FITHIE T TOD Vortex IKKEED
M. FFLOMEBEDBEEFBALMAEL>TULEL, FZTEAHETIL, FFLO 48
DHEENTE EIN S 2D HHBIEEIRP-(ET)2SFsCHCF2S05(Te = 5.2 K, Heay/He s
~O[NZRAVEBERICEITAEIAENROAEN,NL., BEITHEPRIZCEITS
Vortex DR EZEAT S5 L2 &A1=,

1 [ZB”-(ET)2SFsCH2CF2SO3 M @& A A
525 OHBEAMICBITAHRSHREDRE ' ! !

ERT. RIREHIBEEM, FHKILH i 0_25
LELRBOBETHD. ThThOR i
BITHEARENRICHEAERATUSR X

EESSBLRS - RBERALE, —

REEBICLDEDEEZONDIDE—
JFLEVWAEHBETCHASA, BE - A
Bl L TRBHEMWGEILLZHEDIEM L.
A % B < Pancake vortex DR ER T8 % 1F
A3 DTHDIEEZALOND, SHICH
MARMTIELEEDODE— LILRIICHEZGE
R ?D Josephson vortex DFAFEIRFE & B 1 ENATE O REREVE 2D 5.
DBE—V3BALTLNDS, BETIEIIh

HDFERICOVTHMICERT S,

[1] R. Beyer, ef al., Low Temp. Phys. 39(3) (2003)
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BREBEEE NbSe, BEEOEGEEBRO IO X KEH

FURAKMEYE ', IST T ZA T 2. NIMS*, HEX
SEp oKEE ', fEKk S BB K& '. KIF ¥E—'. KR ony 2,
2 BE . A0 1. L® ®E Y. MEA S

[FLHIZ] BREBEERIE, BEENRFA—F—TH—THIOTRBEERBEICHEATX
eV B GBEERUENRRT I LHEF NS  FHL BEEEZHHICELCTHI LT,
IRV —BBREOCRTENBEEICREFTEEZARNDILLARELL L, BREGEERKRD
FEALEFARFTALRETHSINDT. BIGEGEBZECITORIEHTHILHEETERZON
TWe LWL, RETV STz VLB EDEBKRDECELL-BEERMZLCRATASIZ LT, BE
CEP2BRBGEROBEERSENIEINATVS[1], FTCEAMETIE. BRAERTTTHE
HBLEEREGEARRHOBERGEFHLZEEL. TN XEETO RN BEERHEIZER
HEFHELHNICTEIILEEBNET S,

[R8] KERERLRNEBED 2 BEOREY (Fig. 1) ##&8LE, XEEEREEBKHILD
4 FBEREXRTHDIELUIE=FEDL (NbSey) #RAVFT—TEHICKUYEBERL., Si
ERLICBEEEE 2m) 2R LE. RERE SiERLICERLEZAARZEIL KD %R (hBN)
BHREICID—TARY Y AP T NbSe, BIE (EE 17 nm), BBV 7z %&EEL-, Ch
S2BOY Y TINICODVWTEFRIVISI4—IC&PEBERIOELR, T3 XTIV F
VUICEAMINBEEREICEZ R ELFFM@EL -,

(#R)] XKEFEE. NAE2AHNOEROEEKRERZ Fig.2ITRT. RRFBEOEELEE
BERE TcIL 687K T, ERAEmMMAFEONT-, —ARNEBEE Tc=701K THIH, EKETER
BREIEOAGENA>Fz, ThiE. BBI S 7z E NLSe, DEMEBRARETHI I EEZ LN
5, 5%, RIEETSAIIYFUTICE>T NS, ZMIL. CEHUEEBEITIFETH
%,

I F“_‘
Cr/Au .

Cr/Au 2| RS ]
T~ MLG N g { Encapsulated

NbSe, 5 I . |

NbSe, —_ hBN | ; _

310, Si0; I ¢ Air-exposed |

Air-exposed Encapsulated . f«——'

. . 6 65 7 75 8
Fig. 1; Schematics of the sample structures. T (K)

Fig. 2 Temperature dependence of
resistances.

[ xcwk] [1]Y. Cao et al., Nano Lett. 10, 4914(2015); X. Xi et al., Nat. Phys. 12, 139 (2016); A. W. Tsen
et al., Nat. Phys. 12, 208 (2016)
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7271y /i BLEREAREICSIIZT Y FL—IT 7 RNED
A5 A EREFEDORET

Bk IR, HA B, UNESH BSY, MR IEE*H
VRPN SN R A ¢ 2 IS P PN SN T R S I R VS S N 2 = e

anp

MBI L7275 7 2 VEEGTNA ARGt 512720, 757 2 VR AL - BEEE
TRDORT A ZAMIZTABERDH S, Ty anBAY VI EEEEHAE2ZB L7257 - Vil
EEARES O HMERE ASABRFET VR, s ERFWME L IR s IOaFREIZ S35 7 — N EIERE
@%ﬁ%ﬁotm.ATTT//vw®k%é%@5ﬁ_ow)ab J— b E F(W%_om)%gx
%Y s, HRR s WHICHEEEX vy THEEE D, I SICAY VEHGEMRBER (\g/t = 0.15) Z2/EH X
ﬁét¥vvax%%tﬁb,&Yﬁmﬁ®ﬂ%ﬁm%ﬁ%ot.ui®#%;0 BE R o\ Ik
ReZ KDL K HA 702 I3 HOEIREZ ﬁ«éﬁ%#%ét%zk.ﬁmnfi RGN (7
77 xV) [HEIEERERESET IV 2 EHWT, BEREIIB Y@ KN RET VY NV —T T K
B Ry %3R5, BRERT7 M2 SN2 s & HRER s 3, RGN s IRIZDOWTHRETT 5.

B 1T AR s R R EAEE T VOB 2R U, X2121dZOELEREZRd. BB
DB &M% ¢|m 0—¢[|z 05 ¢]|$ L —¢S|$ . & U7, v, 01, Ys X ZNZFNELEER, MR, BE
BRI OWEEATH B, 0, 04 XFBFDAMA, F—ILOT7 Y RL—TI7KREATHY, po, ptik
BT, R—VOEBHRTHS. 05,00 ITBEEMNEE L 2B, K—IVER OB BAE, ¢ "
IR TOEHETH D, EFi7I» IANF—Thd. MEEOANH x=0DT >V FL—TT7K
FHRE Ry 2 IRAUTRT.

2cos O[Cru(p )v(pT) — C_ul(p™ )v(o™)]
v(¢p) (7)Y —u(ph)u(o™)Yy

TIT, (o= (e =), Yy = (o (e + 70 THB. Kz, BEEsERTRETFUUvILEA = A,,
LR s ART BT V¥ v IVEIRD 3 D06 (1) A(g) = As+Agcos(4¢), (i) A(p) = As+ Ag cos(39),
(iii) A(¢) = As + Agcos(6¢) & U, ¢ IFHEERTRT V¥ v VORNHZRT.

HAZEAR D &AM 0 THEE UK TR — L TR INE TV R L —T 7 K8 |Ry|? 2 3H5E
U7z, ABAE (0=0,+7/3, £7/4, £ 7/6) 1T L, BREEMIZH T D580 EHLA o 22T ETK
R | RA|2 OAEKRIFEZR IR, K3 I3HEE s (1) TOa=n/4 2 L EOFBERRETHS. A
B0 > 0 CHBEERICAWNT2EFIET VY RU—Z 7 RENEE LT WA, 0 < 0 TRIZEMRICAST
DB ARTRT YUY VR ) = FPEETHAONE 2O T VY NU—Z 7P REIZW. 2ol
Mo, RTRF UV Y VOREBIKFELTRI STV RL—T 7 KA, FHREUZRKERE D HERT 5
TEMTE ., Bk s B (i), (i) ISBVWTH, NFEDEWNZEYD /) — ROMEIZRR>TWDEA, 7
YRLU—Z 7 REHE ) — REHBETHIZ 50, RT KTV v VOREBUKIE L TWD Z L W HERT /-,
é’iﬁﬁms&komf%#ﬁ%ﬁm,ﬁﬁ%s&®/~b#7/bv TIREFIZED & S ITHE
TEDEHRN, R s HOGE & T 5.

Ry =

—_

—0 =0

-0 =7/3=0=—-7/3
=0 =n/4=0=—7/4
P 0=n/6=0=—7/6

BERE GRE  BEek A
(952zv) g Al ;

A
w)
(1]
tr
FURL—ITRETE

R,O"
d) P 1/11 wS R 0p 1 2
0 €z E/A
12757 v Mgl BEMKEAGE TN 2 BARE oKL 3R s 3 () TO Ry

SRk
[ | ek L, HHVEBEL, NEFHEPS, K 27 4 B R 2 UL SO A K2 1C01.
[2] J. Linder, and A. Sudbg, Phys. Rev. B 77, 064507(2008).
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EERLCYMITHEE I NbTi OB L
MR MEIEIE & DHEE

NEKRIA AKRBRIB AKI2CNERC, RILKXKEHP
mEEM A, K. Edalati®C, EBHESPC, MARBE A REAEF A
5 @° HO BH° ELAKRZEEP

No ETiOMEAFEREMBELTERTEERLY (High-Pressure Torsion: HPT) M T (E&x
M N=1,2 5, 10, 20, 50, 100) #{Fot=154&, N=50 Ll LTI —Z NbTi & AR TES
CEERELTER[1,2]. AHETIE, HPTIM I THEHEL-NbTI B L DEREAREE J. DS
KEEHEZFDTZ—LHRIZOVTHRE T S. HPT MIE T KRR EMMIE TESE T TEL,
MBBMTILGLKRFLEIBSIETCES
FHEHTEDEVIHEBNGEFETHY, O
HAPRMEZEICECEEEEHMITEHIIEN
AE(27 5. B 1 (2 HPT-NbTi (N = 50) @
BAEREZE J OWMBKEMLEZEZRT. HPT

J. (A/em?)
2,

B#OMMBESHERD NbTI TIREISIK 10* SRR ]
EHABGERBEEETEL L ERTO 10' - 7 T300C 3l

A, —2— Ty = 1000°C, 24h

[ZxfL, 1000°CT 24 BRIARAMIELE(To1= 10° — P
MARERAHZEED NbTI Tl J FEHIZIE HoH (T)

T35 ZOIEE, HPT MIICKDMME "
ENHEREVEDICENTHHILEERLT N
173, HPT-NbTi % 300°C, 1h TEALIEE T 10% B
15, EHIBEETO J (X7 =—ILETEY g 10% 1
LNENA, Po— LB EEB IS MLTE < 10 1
Y, Fo— LB QBB IZEYEL M =0 T ]

—o— T,, = 300C, 1h
101 —‘—T =300C, 24h

MNEETES. — A, ~1 TLUTOIREIEE B :—_; :?ggocczgglﬁ 7
BTIE7=— LR &YE e AEMLTEY, 7 10° A ;
Z—NIZEOoTHHET Da-Ti DTATEEIC LoH (T)

KDHMEREIEDHMRICKDEEZONDS. B

ETIE, MHRMREEESE J(H)DOMEBEIIZDL
TEWT D,

S £ X@k: [1] K. Edalati et al., Acta Materialia 80 (2014) 149. [2] FE&ith, BAYEZE S

%71 EERKS (21pAR-8).

B AMRE, A BXMAZASEEERFARMEAOTR 28 EEMEMROIEMER (T

TEREIhFELE.

K 1: HPT A THERLIEZNDTIO T=5K&T=
7 KI &(*éﬁﬁﬁzultmﬁ; Jc(H)
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/8y FEZEE SmBaCu;0y FIRICH TS5 BREED
SQUID SE#H #E£R A

NEXRITA Z2KRKRITE RIAEKEHC AT KEREIP
mERMA —H#wxt SH KB B BMC OK® EC MK EP

REBa,Cus0, (RE= rare earth) Bz E#E[E TIX, BERIZ BaMOs(M = Zr, Sn, Hf)iZ £ D
F/0y FERRSESHET, AIMICEVESHFIDEZEATEZENTAETHY, E
BRIC, 7/ 0y FZECHEETEEHGEEBEEF TEVEBREREE LJARA S TWLB[1].

ABFE TIE, BaSmNbOs (BSNO) % BaHfO3 (BHO) &M+ / Oy REEAT
SmBa,Cu;0y (SMBCO)EEICH VT, F£ZE SQUID BEMEE (SSM) ZRWVTHIBERIZE 1T
ZRABEEBA L. FEKBEI/NILAL—F—FBEEXIZEL > T LaAlOy(100)E i &
WECEEENT-. £, SSMBIETH, BMEPHNEOBRBEZ T=49KIZEWLT

AL 1=, . _
1(a)l= BSNO #& ¢ SmBCO BEMBAHEEZ g HoH=1.0 4T |

AT . BARIEEMBS(AWT)IIxE L - FEiRREEE
B a0 (~49um) TS VA LICERELTHEYBABEEIL
Ronfgy., £, R10)ISTRT LS5I1T, BARBEER
Mao EERTHBIHFICEWVBRAXNRA SN I-(BHERE
N). TOEEIEr~12um THY, 17 EDRIDH
MEEDEAREERICHEHZIT S, ChoDERIL,
BSNOZ &4 SmBCOEETIERAZ=ZAKFEEHL
LEMIEEITIVALBE D IEDHDONLEL BHT
52 ¢&, Ff-, BEROBRZEHEBEIELIBHAMICRL
EVIEOHRLLNFEET S EEZEKRLTLS.
1(b)DHEHRFEEL TIX, BR 1 (X 3uT OHIB DS
ETHRILMHEICELEZT SN, BR2IEBR1TOEAY | \ 4
EBHLTREIAAICHERRT S, COZEnD, | b
REEETHERVESEDRLNSHAHL, HHO |
BMATAELELEECHLOADEVLEDHERT OO Y
LEBEBRLTWSEEZALONS. EBETIE, 3EAUL
DRRKRICEDIVFAZF—RKOBREBEIZDOVTHLH ‘ ‘ '
LT ZFIETHD. B1: BSNOZ&%€ SmBCOEEIC
5745 SSM . b)l a
[1] S. Miura, Y. Yoshida, Y. Ichino, A. Ichinose, K.
Matsumoto and S. Awaji, J. phys.: Conf. Ser., 507 (2014) 022021.
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BEHzT7 ey VHOBHE 3He

—7 774y hE—

AN EA

ML

7Y /LHO 3He IZBWT, =7 8 Y o /VEARMPEELE L CORE % R
o9, =7 a Yz VRRBICEGT 256, BLIVD T 2 2 AR RITHOW T
Dl TR RITMEITY S h, EIRE) 3He @ GL HEREFUZIT M S 172\
N, T BTV —EHF ORI —RREME - EEZMZ 5 & T, 6L JF
BRICESTMEZRE L2 ENTED, TNET, BHMEZID AR,
SNV HIZBWTORFE S TWEN, AElX, 777 4= MAIZBWT,
FHMEEZTD ANTZHAICONWT, BEEIT-72,

51 FH STk

[1] K. Aoyama and R. Ikeda, Phys.Rev.B 73, 060504 (2006).
[2] R. Ikeda and K. Aoyama, Phys. Rev. B 79, 064527 (2009).
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BEAR—X-TJIILIRAKOH/ AL HICEITS5 R FHEE

it K =
tzx ! g

BER—X - Jz)LIHFROBOEMNHEOHEIL. BEMNIZISVFH/ =
AL HZERAVWTITHONS, LHL., R—X - F7A 2234 2EMBEBECOMNED
SH-EER—XG[ATE., HFHELENHRFHEABEICRKENEWVS EMEYN
BRERLAELOND[1,2], > T, BECHDELEL_MFHEEICOVWTIE, A/ =5
LWoHmZRAWVEHEZITOSRELH D, LML, TOLSIHHEIX, ChFETESR
ShTZhhot=,

AKHARTIE. h/ ZALDHIZETD THBPUSIN-BETH] IZTOVWT, =k
BAFNEXZEE LBl COXRREX. A/ ZALSHIZHE TR0 v DER]
[CHETEH2LDTHD, LT, TOXRAZAVWT, BER—X - Jz)LIHFHR
D_HFHBZERMFRICOVTHEMICEEICHE L3, TOHRK. 8H
FPHBRT, (EEFY) ZHARICELEZHERICEDVTLS, FHEEEDHIC
EDd.

2 & Xk

[1] L. Fujiwara, D. ter Haar, and H. Wergeland, J. Stat. Phys. 2, 329 (1970).
[2] R. M. Ziff, G. E. Uhlenbeck, and M. Kac, Phys. Rep. 32, 169 (1977)..
[3] K. Tsutsui and T. Kita, J. Phys. Soc. Jpn. 85, 114603 (2016).
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BEEEKICBIT SLorentzh &Kopninh, REFZFEOHEZODE

JERE
KA FYHKR, lER 1, dt £X

London I M=E 255 1) 24 OB LRI F X 2 Lorentz 1 2 BV iA A, BIZEERMDTHND & 1
WA= VBRI I D2EMBPEIT 52 L% PS5 L7Z[1], —JT.Khomskii & Freimuth(, #B{zE %
AIREBICEWT, WP LEEFRER L AR L, TRUSNOBEIREBOFEIER LILFERT vy LV DEE
ZETHZET, WMPLICEMMEED L TS LER2], ERTIE, NMR/NQRMIEIZ KV iy 0 B
DHELT 5 Z & A Kumagai H 12 K - THER S A[3], BRI b BAEEIRBICHK T 2 FHGHERmTH D
Bogoliubov-de Gennes FFERUZ L o THMAE Y OEMAFHE SN TS, Ll OFmEZDROER
AP E NI BWNTIEREZEICE 2 DN TWARY, TOREE LT, MERkoR R GmLe
Ginzburg-Landau FEEX TIXEMAFH AT LI LN TE o T ENFEITON D,

i, BJFEEA CTLorentz /) & & T ¥E I UG ARV E M S L72 (4], 1EK O Yl BLPR AR | X HE gl 8T %
—ZODIRDOFA—H =22 THEL LTV, BEEREY OEMEFHET LI ENTE oD,
ZOEHMGFREAIZ LY Lorentz NIZ K 2EM R EOYIHELAFHET LI LN TEDL LI hoTlo, £z,
Arahata & KatoH |2 & » T, R GBI EKRIZBIT L7 7 v 7 270 =R —LEROHNFE T, Keldysh
X D Lorentz )] & Kopnin J % & e #EH M AR XD AW SN TV B [5], LA L., Arahata® O ¥ 5 F2
XFFRCOA—F—ThHIREBEEDOS)DHE DR ELZEL T\, FH YR Z K tFermi
HOBERICLEHTE R, £2C, R BIiX B2 Fermili CTHikim 2 T& 5 XL 5. Lorentz
2 Z . Kopnin/) & DOSOMH & 2 A7z #E I G R 2 ATt Lz, Z oy RALo
OD—WRDFA—H—DHFEEZRTHE-MICEDTEY | WARORHEOEFIIMNE WS BEICT 7r—
FTELOTIERVNEEZEZ TN D,

R CIL, A8 8 M LRk E R R Z2 AW T, sitBEERO =Rt KRBT
DOSDH & 3 5 2 2B BRI E O = 2V ¥ — (KWL FEART oy VEFIR LR 2 ®mE T
Lo F. sTRBRERO TR TIRIRIEIZE W T, Lorentz /] °Kopnin 1 3 5 2 2 E 72 E O W I &
~NOBFEHIZOWTH#HERT D,

2 & X H

[1] F. London, Superfluids (Dover, New York, 1961), Vol. 1, p. 56.

[2] D. I. Khomskii and A. Freimuth, Phys. Rev. Lett. 75, 1384 (1995).

[3] K. Kumagai, K. Nozaki, and Y. Matsuda, Phys. Rev. B 63, 144502 (2001).
[4] H. Ueki, W. Kohno and T. Kita, J. Phys. Soc. Jpn. 85, 064702 (2016).

[5] E. Arahata and Y. Kato, J. Low Temp. Phys. 175, 346 (2014).
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ERTHERBEOBEERICE T IERANRE

RIRFFILKREFE
RH* (H#, Mk B

BEEEARPOBERICIE, BREITORAEEVCEHFIIDLMLDE]
HhEEo<<H,. EROBEERICHIGZMAIL TLV\o=58IZC
NEDADDYEL, BEALEINGZVEEIREELGY, ChEBR
WEEEMES[1], LA LUERD & S GRAFBDIm THERHIESH BRTHIC
BMLEDEBRAPBIRBEZL LTRATHSIELAGN DTS,
COBRRIIUTDESICKHBEATE S, BARANRAT S ETHRET
BHh., MEDRRE LHEEENNTWEFITEENALERL, Z0
F=HBAPEVEHRDMHEOT (LAY, SSITHBANEERE
KRBBIZBRATHIEVWSISED T — NNV IHELD, COBRRIT
BAREREFIEIN., TOREFHELEEIIHIEOKRETSOYWEDR
KICIKFET D ENDM->TLD,

SEIEFET. ZROBEEREER-EBETCOERFIRELTHAT -,
Maxwell A2 & Z RGBT BEGEERBEDGEETILICE LT,
B2 alb—2a3vFTo-DT, TOHRREHRET 5,

IR (B8) XEk
[1]E.Altshuler and T.H.Johansen Rev.Mod.Phys.76,489(2004)

_46_


29pPS-8

-46-


	28p1-1加藤
	28p1-2藤田
	28p1-3田中
	28p1-4田沼
	28p1-5河野
	28p2-1大熊
	28p2-2家永
	28p2-3Dobroka
	28p2-4内橋
	28p2-5吉澤
	28p3-1小久保
	28p3-2市岡
	28p3-3植木
	28p3-4西嵜
	28p3-5梅田
	28p3-6小野田
	29a1-1胡
	29a1-2高根
	29a1-3北野
	29a1-4掛谷
	29a2-2佐藤
	29a2-3柳沢
	29p1-1Huang
	29p1-2為ヶ井
	29p1-3斎藤
	29p1-4卞
	29p2-2足立
	29p2-3北
	30a1-1石田
	30a1-2小山
	30a1-3Vu
	30a1-4福井
	30a1-5林
	30a2-2宇治
	30a2-3杉浦
	名称未設定

