B Z&ES 070493

ARER®EZE

(BLEEEHRTORMYAFEREMET— 5 —R - BRER)

R sy | AV RTE Y BIESHAI 5 DHRBA RO 1
Eﬁ?ﬁ?'ﬂ;; ) Az Experimental confirmation and control of novel vortex states in mesoscopic superconductors
E'TEE hant cc | #)yhvE 2)7x/7 MR s 2007 ~ 20094
Fu
gg EF cs | #H A B WEFE w 2009%
& A—-v= cz | KANDA AKINOBU 7R 2 HRKZE
.
T i | A REAIENEH S HRHET

BEE ea (600 7 ~800 FIREIZEEDH TSN, )

YA ZXANBEEIE—LUARVPHEBRAFRIEFAEEDAVRIE Y BEERTIE, BIGZMMT
E. NIV ERERELGIEMLTBECEKRENEIRT 5, HA4lX, Multiple-smal I-tunnel-junction (MS

TJ) BEMSHBDAEER > T, FHFBRAREBOERRHRIAZITOTLNS, CLETIC, HRPDE
KBRREORBRHBRANZITO L EHIC, SERRKRBE—EXBRREMOER. RAKEOHABBR -

YA XIKGEE. ERTYOTICETE2 1 RTBADFEEZERMICHASMILTEL,

APETIE., CRNETOMRESLICHEREIESIHT, EARDODAYVRIEY I BEERKREFIZEY.,
DR —RBRDFEVDFRBRREBOERWGRIE. QHIBZBLUND/INS A —2 ZRANBRKED
'], #EBME LIz, MAICEWT, 7Y FI7—TKE (R)LF¥—) D Peeters, Milosevic mEFDEL
%)iiumn+§7)l« TERBELRHARAREFIT o=,

DOTIE, BRFEICE - THRELGHRBNSIA—FZEH LAEZT oA, BRA-—RBRAPFEREZX
BT 32@REEoNGEN >, BAR—XT7A01484 VEHBRTORIANRESATLEA, FOR
BRERIIEL D, SERAHBROBELGEDIXRICE>TEHAZTHIE LU,

@TIlE, EAMRBEERIZY —FRZERY G+, BEEERMNMMICE > TRAKEEZSET S L6
Hlzo FRAFEREZAVEAEDOHR. BRAORA - HHHHEBIINMNT 5BEEERICEMITIKET 8.
FNIFEMAETICHRATES I EFRLIZ, £, MTUERICKBZAEDHKR. EFRMMIZEL->TEKX
IIEI'{F‘ gﬁlﬁ%'{k Fﬂﬂiﬁﬁgb\i 5 ¢EFR L/T_o -357" %EIH%‘H( E[Z E/}IL%UIL LA Z & T, 2&*%@
BLTWAREBODEREME, D, EREICE - TEEREFANBZIDIZENTETLHIEEHLL
ITLtz, SBIT, EREMICE LT, BAROHLE. EAZFRETETSIIELEER LIz, INODEBRBRIL.
FEEKEX VY IV S oA 0BRICE D BEHETER T SN TEL . ARRZHE. Physical
Review Letters 52 fEL TL 5,

F—T—F ra SRS AJROEYBIRE | F/HEE

(LLTFIFEALLGNTLESL, )

BBt Ea-F Ta

MEREES aa

MEHEES ac

U—+ES

-1 -




REXE (COMREFRRLIHME - IEICDOVWTERALTLESL, )

SWI4ZREGB | Vortex states in mesoscopic superconducting squares with engineered pinning

M
., | ®#&% oA | R Furugenetal. M54 oc | Journal of Physics Conference Series
R—2 aF | 012010-1~4 FITHE |2 0 0 8 &5 6D 109
sewiEsgcs | Detecting superconducting states in nanoscale superconductors using
1 multiple-small-tunnel-junction method
. EZ%H% oA | A Kandaetal 554 oc | Journal of Physics Conference Series
R— eF 012016-1~4 | Hf7& e |2 |0 |0 |8 |#F oo 109

SeriEsgEce | Experimental determination of vortex configuration in a mesoscopic superconducting square
1t with artificial pinning centers

.. | &% oA | S Hatsumietal. #:E4 oc | Journal of Physics Conference Series

Aty
R—Y GF 022024-1~4 RITHFE cE |2 0 0 9 #2 oD 150
ta - imen Effect of supercurrent injection on vortex penetration and expulsion fields in mesoscopic
M XARRESS | g nerconducting squares

#

.. | ®&% ea | S. Hatsumietal. MEE4 ac | PhysicaC
R—Y GF 1080~1083 RITHE e |2 0 0 9 #B2 oD 469
EHESL Ha | A Kanda, Y. Ootuka, K. Kadowaki, F.M. Peeters

- £4 He The Oxford Handbook of Nanoscience and Technology, Volume |
HikR#E HB | Oxford University Press | &4T4E HD | 2 0 0 9 A’ -5 HE | 38

PRXHEE ez

In type-11 mesoscopic superconductors, which have sizes comparable to the superconducting coherence length and
magnetic penetration depth, vortex states different from those of bulk materials are expected to appear under
magnetic fields. We aim to experimentally confirm such novel vortex states by using our original technique called
the "multiple-small-tunnel-junction (MSTJ) method". So far, we have succeeded in the first observation of “giant"
vortex states as well as the transition between giant vortex and multivortex states, dependence of vortex states on the
sample size and shape, and a "one-dimensional™ vortex in mesoscopic asymmetric rings.

In the present research project, as the continuation of the previous research, we aim to (1) experimentally confirm
a novel vortex state, vortex-antivortex (V-AV) molecule, and (2) control the vortex states using the parameters other
than the magnetic field. In both objectives, we collaborated with a theorist group in University of Antwerp
(Belgium) lead by Profs. Peeters and Milosevic.

For objective (1), we could not obtain the data supporting the existence of the V-AV molecules, although we used
optimal sample parameters obtained in the numerical simulation. Recently, the existence of similar V-AV molecules
was reported for Bose-Einstein condensates, but the origin of the molecules is different from that of our case. We are
trying to observe the V-AV molecules with the modification of the sample parameters.

For objective (2), we attached current leads to a mesoscopic superconducting square and tried to control the vortex
states by injecting supercurrent. Our measurement in dilution fridge showed that vortex penetration and expulsion
depend on the injected supercurrent in a complicated manner, but this can be explained with our simple model.
Besides, by using the MSTJ method, we showed that transition between giant vortex and multivortex states can be
induced by current injection. Also we succeeded in current-controlled switching between otherwise degenerate
quantum states. Furthermore, we showed that vortex penetration/expulsion is induced by a current pulse. These
results were successfully reproduced in the numerical simulation based on the time-dependent Ginzburg-Landau
theory. A paper reporting these results is under consideration for the publication in Physical Review Letters.




